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Samenvatting 
De eerste afbeelding van bakteriën door Antoni van Leeuwenhoek (1632-
1723) betrof de levende dierkens in de witte materie die achterbleef of groei-
de tussen de tanden en kiezen . 
Ondanks deze vroege ontdekking duurde het tot het einde van de vorige 
eeuw voordat in de 'chemo-parasitaire' kariëstheorie de relatie werd gelegd 
tussen bakteriën en kariës. Een belangrijke rol hebben daarbij gespeeld de 
waarnemingen van Miller (1890) betreffende de vergisting van koolhydraten 
tot zuur door bakteriën uit de mond. Williams (1897) en Black (1898) stelden 
dat de zuren in het speeksel niet verantwoordelijk waren voor het ontstaan 
van kariës. Zij omschreven als eersten de tandplak als 'een gelatine-achtige 
massa mikro-organismen op de tanden', en stelden dat deze mikro-organis-
men het zuur vormen dat de oorzaak is van de chemische afbraak van het 
glazuur, en dat de gelatine-achtige plak het wegspoelen van het zuur ver-
hindert. 
Merkwaardigerwijs volgde hierop geen nader onderzoek van de samen-
stelling en ontwikkeling van de tandplak maar vestigde de aandacht zich op 
het zoeken van een infektieuze oorzaak van kariës waarbij men zich vooral 
interesseerde voor laktobacillen als zuurvormende en zuurresistente bak-
teriën (Bunting, 1930). 
De isolatie van Streptokokken uit kariës-aktieve hamsters door Keyes 
(1960), de induktie van kariës in kiemvrije ratten na infektie met Streptokok-
ken door Fitzgerald e.a. (1960) en de vorming van slijm door deze bakteriën 
op een voedingsbodem met Sacharose stimuleerden het onderzoek van de 
orale Streptokokken en van de ontwikkeling van de tandplak. 
König e.a. (1965) vonden dat de kariësaktiviteit van een streptokok in de 
rat kon worden gereduceerd door het gelijktijdig beënten van drie andere 
bakteriestammen. Deze waarneming was voor ons aanleiding tot het onder-
zoek van bakteriële interakties in de tandplak. De kiemvrije rat verschafte 
ons de mogelijkheid om experimenteel samengestelde mikroflora's in hun 
ontwikkeling te volgen en het effekt van bakteriële interakties op plakvor-
ming en kariësaktiviteit te onderzoeken. Voor de bestudering van specifieke 
interakties tussen bakteriën werd gebruik gemaakt van een kontinu-kultuur. 
Samenvatting Hoofdstuk I 
Een van de mogelijke bakteriele interakties in de tandplak is de produktie 
van melkzuur door Streptokokken en de konsumptie van dat zuur door veil-
lonella's. Veillonella alcalescens was niet in staat glucose te gebruiken als 
substraat, maar in kombinatie met Streptococcus mutans groeide V.alcales-
cens wel in een glucose medium. 
Vastgesteld werd dat V.alcalescens het door Strep, mutans gevormde 
melkzuur gebruikte en het omzette in propionzuur en azijnzuur. In figuur 1 is 
een overzicht gegeven van de bij deze fermentatie gevolgde routes. Door de 
fermentatie van melkzuur trad géén vermindering van het aantal ekwivalen-
ten zuur op, maar de gevormde zuren zijn in vergelijking met melkzuur, 
zwakkere zuren (pK z u u r = hoger) die bovendien met calcium een minder 
stabiel complex vormen (pKç a = lager, tabel I). Door deze twee verschillen 
zou het deminerahsatieproces van het glazuur kunnen worden beïnvloed 
(Strâlfors 1958, Gray 1966). 
In de kontinu-kultuur bleek Strep, mutans ook andere produkten dan 
melkzuur te vormen, zoals azijnzuur, mierezuur, etanol en acetóme. De ver-
houding van de fermentatieprodukten varieerde met de groeisnelheid. De 
splitsing van pyrodruivezuur in azijnzuur en mierezuur (Fig. 1) levert meer 
ekwivalenten zuur dan de reduktie van pyrodruivezuur tot melkzuur. Dit 
kan van belang zijn voor de kariogeniteit van Strep, mutans in de tandplak. 
In het kort 
Strep, mutans en V.alcalescens vormen een voedselketen bij de afbraak van 
glucose waarbij geen reduktie optreedt in het aantal ekwivalenten zuur per 
mol glucose, maar waarbij zwakkere zuren dan melkzuur ontstaan. 
Tabel I pK waarden van enkele zuren en de stabihteitskonstanten van de respektievelijke 
Ca-complexen bij 25 С 
pK рК^ 
F
 zuur
 K
 Ca 
Melkzuur 3 86 1 42 
Propionzuur 4 87 0 68 
Azijnzuur 4 76 0 77 
Mierezuur 3 75 0 80 
Uit Sillón en Martell (1964) 
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Fig. I. De afbraak van glucose door Strep, mutans en van melkzuur door V. alcalescens naat Allen e.a. (1964) 
en Dallmeier e.a. (1970). 
Samenvatting Hoofdstuk II en III 
De interaktie tussen Veillonella alcalescens en verschillende andere orale 
mikro-organismen werd onderzocht in kiemvrije ratten. 
De ratten beent met een kombinatie van V.alcalescens en Streptokok-
ken vertoonden een lagere kariësaktiviteit dan de ratten beent met alleen 
Streptokokken. V.alcalescens kon in de tandplak worden aangetoond door 
middel van elektronenmikroskopische opnamen, waaruit bleek dat V.alca-
lescens mikrokolonies vormt tussen de cel-ketens en in het polysacharide van 
de Streptokokken. 
De meest waarschijnlijke verklaring voor de kariësreduktie is dat V.alca-
lescens in de plak het melkzuur, dat door de Streptokokken wordt gevormd, 
omzet in propionzuur en azijnzuur en dat deze zuren de tand minder aantas-
ten dan melkzuur daar zij de pH van de plak minder doen dalen en met Ca-
loñen een minder stabiel complex vormen. 
In de ratten die beent waren met V.alcalescens en een van de volgende 
orale mikro-organismen Bacterionema sp., Neisseria sp. of Rothia sp. werd 
in de fissuurplak V.alcalescens niet waargenomen. In deze ratten werd ook 
geen kariësreduktie gevonden. 
In het kort 
V.alcalescens heeft in de rat een reducerende invloed op de kariësaktiviteit 
van de tandplak mits V.alcalescens zich in de plak kan vestigen en door 
andere mikro-organismen in de plak melkzuur wordt geproduceerd. 
Samenvatting Hoofdstuk IV en V 
De vestiging van Strep, mutans en Strep, sanguis werd onderzocht in ratten 
waarvan de mondflora door middel van antibiotika werd onderdrukt. Er werd 
geen effekt waargenomen van de beëntingsvolgorde op de vestiging van een 
van beide stammen, maar wat betreft de fissuurkariës werden verschillen 
gevonden in de mate van demineralisatie. 
De beënting van de ratten met Actinomyces viscosus beïnvloedde de vesti-
12 
ging van de Streptokokken. Strep, mutans kon tijdens het experiment niet 
worden aangetoond in de ratten die vooraf beent waren met A. viscosus en 
Strep, sanguis. Aan het einde van het experiment werd Strep, mutans in 
enkele ratten in lage aantallen aangetroffen. 
In gnotobiotische ratten werd ook een remming op de vestiging van 
Strep, mutans waargenomen indien deze ratten vooraf beent waren met A. 
viscosus en Strep, sanguis. Uiteindelijk vestigde Strep, mutans zich in alle 
dieren in geringe aantallen. In de fissuren werd het relatieve aantal van 
Strep, sanguis eveneens beïnvloed door de beëntingsvolgorde. 
De wederzijdse remming en het verschil in relatieve aantallen van beide 
Streptokokken tussen de fissuren en de gladde vlakken werd beschouwd als 
een voorbeeld van uitsluiting door kompetitie. Er werd geen effekt van het 
dieet op de vestiging van de verschillende baktieriestammen waargenomen. 
Een positieve korrelatie werd vastgesteld tussen de sacharose koncentratie in 
het dieet en de hoeveelheid kariës. 
In het kort 
De vestiging en de relatieve aantallen van bakteriën in de tandplak van de rat 
wordt beïnvloed door de volgorde waarin de bakteriën in de mond geïntrodu-
ceerd worden. 
In het kariësproces bij ratten is de mikrobiële samenstelling van de tand-
plak belangrijker dan de hoeveelheid plak. 
Bij een gelijke eetfrekwentie is de hoeveelheid kariës in de rat gekorre-
leerd met de hoeveelheid sacharose in het dieet. 
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I 
Symbiosis of Streptococcus mutans and Veillonella alcalescens 
in mixed continuous culture 
F H M MIKX and J S VAN DER HOEVEN 
Institute of Preventive and Community Dentistry, University of Nijmegen, 
Nijmegen, The Netherlands 
Abstract The growth and metabolism of V alcalescens OMZ 193 and Strep mutatis C67-1 were 
followed in pure and mixed continuous culture The strains were cultured in a complex medium 
with glucose or lactate as substrate The fermentation products were assessed at several dilution 
rates Strep, mutans formed various fermentation products in addition to lactate The ratio 
between these products was affected by the growth rate. The amound of volatile fatty acids in-
creased at decreasing growth rates. The fermentation of lactate by V alcalescens yielded an 
equivalent amount of acid products In mixed culture both strains formed a food chain in the 
degradation of glucose The symbiosis of Strep, mutans and V.alcalescens did not result in a 
reduction of the equivalents acid produced per mole glucose 
Introduction 
Veillonella alcalescens was found to be present and to form actively growing 
colonies in the deeper layers of dental plaque (Ritz, 1967 and 1969). Micro-
colonies of V. alcalescens were also found in sections of fissure and smooth 
surface plaque of gnotobiotic rats, diassociated with streptococci and veil-
lonellae (Mikx et al., 1972). The growth of veillonellae in dental plaque was 
inferred to be influenced by the anaerobic environment of the plaque and the 
amounts of lactic acid produced by the plaqueforming organisms. The 
ability of veillonellae to ferment lactic acid and the inability to ferment 
glucose has been demonstrated by several authors (Foubert and Douglas 
1948; Johns. 1951; Rogosa, 1964). 
In dental plaque, V.alcalescens may live in a commensal relationship 
with lactic acid producing microorganisms such as Strep, mutans. Similar 
relationships have been described in ruminants by Hungate (1969) and 
Alexander (1971). The fermentation of lactic acid by veillonellae might 
reduce the cariogenicity of the plaque (Mikx et al., 1972). 
In the present study of the symbiosis of V.alcalescens and Strep, mutans 
the growth and metabolism of V.alcalescens OMZ 193 and Strep, mutans 
C67-1 were investigated in pure and mixed continuous culture. 
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Material and methods 
Microorganisms 
Streptococcus mutans, strain C67-1, has been isolated from smooth surface 
plaque of a caries active child (De Stoppelaar, 1969). The inoculum was 
prepared in 5 ml Brain Heart Infusion broth (Difco) supplemented with 2% 
glucose. 
Veillonella alcalescens, strain OMZ 193, has been subcultured by 
Guggenheim (Dental Institute, Zurich) from strain V5, originally isolated 
from the human oral cavity. The inoculum was prepared in 5 ml Veillonella 
broth V17 (Rogosa, 1964). The inocula were incubated in 90% N2, 5% C 0 2 
and 5% Hj atmosphere during 15 h at 370C. 
Culture media 
The media used in the continuous culture were modifications of the Peptone-
Yeast extract (PY) media of Holdeman and Moore (1972). The composition 
is shown in Table I. The media PYG 1 and 2 and PYL 1 and 2 were prepared 
in aliquots of 20 1, adjusted to pH 7.0 with 2 N NaOH and sterilized, for 10 
Table I Compostion of the culture media 
Base components per liter 
Bacto-Peptonc (Difco) 
Yeast Extract (Difco) 
L-Cysteine HCl 
CaCl 2 
MgSO4.7H20 
K 2 HPO4.3H 2 0 
ΚΗ 2 Ρθ4 
NaHCOj 
NaCl 
10g 
10 g 
0.5 g 
8 mg 
12 mg 
70 mg 
40 mg 
400 mg 
80 mg 
Additional componéis pei liter 
Medium 
PYG 1 
PYG 2 
PYL1 
PYL 2 
Glucose 
9g 
0.9 g 
-
Sodium lactate* 
-
-
2 ml 
20 ml 
Sodium lactate 50% w/v (Merck, Darmstadt, Germany) 
16 
min. at 120oC in a Chemap F 20 unit (Chemap AG, Männedorf, Switzer-
land). The glucose was separately sterilized for 10 min. at 120oC. 
Continuous culture operation 
The cultures were grown at 370C and pH 7.0. A gas mixture of 90% N2 and 
10% CO2 was led over a copper catalyst R3-11 (BASF, Arnhem) and continu-
ously supplied to the culture. The cultures were agitated by a magnetic 
stirrer at 450 rpm. The effluent was collected at 40C. The working volume in 
the fermenter was 500 ml. Culture samples were taken directly from the 
culture to assess the turbidity at 550 nm. The intervals between the samples 
allowed the input of at least 500 ml of medium. The steady state of the 
culture was characterized by the stabilization of the tubidity and was nor-
mally reached after supply of 3 1 medium. 
When the culture had reached the steady state, a culture sample of 15 ml 
was taken for bacteriological and chemical analyses. The supernatant fluid 
of the sample was stored at —20°C prior to chemical analyses. Effluent 
samples were taken from freshly collected effluent of the steady state culture 
for dry-weight determination. 
Analytical methods 
Glucose was determined with glucose oxidase, lactate with D(—) and Ц + ) 
lactate dehydrogenase and ethanol with alcohol dehydrogenase. The reagents 
for the enzymatical determinations were purchased from Boehringer (Mann­
heim, Germany) and the tests were carried out according to prescriptions of 
the manufacturer. Standard solutions were made in PY medium. 
Saturated fatty acids C2-C5 were assayed with a Perkin Elmer Fl 1 gaschro-
matograph according to Henkel (1971) as described by van der Hoeven et al. 
(1974). Formate was determined by the thiobarbituric acid method of Barker 
and Somers (1966). Acetoin was determined by the Voges-Proskauer test 
according to Barrit (1936). For dry weight determinations, the cells of dupli­
cate amounts of 50 ml effluent were washed twice in distilled water and 
weighed in a porcelain cup after drying at 110oC. 
The purity of the cultures and the proportions of the viable cells were 
tested on blood-agar plates, by counting of the colony forming units (cfu), 
after incubation at 310C in 90% N2 5%, C 0 2 and 5% H 2 atmosphere. 
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Results 
Growth of Streptococcus mutans C67-1 in continuous culture 
The results of the cultures οι Strep, mutans С 67-1 in medium PYG 1 (50 mM 
glucose) and medium PYG 2 (5 mM glucose) are summarized in fig. 1 and 
2. At increasing dilution rates an increase in the production of lactate and a 
decrease in the production of acetate and alcohol was observed in both 
cultures. Formate was found at low dilution rates. However no quantitative 
estimation could be made because of the interfering effect on the PY 
medium on the colorimetrie reaction. The acetoin test was found positive in 
the PYG 1 culture. 
The culture in PYG 1 contained residual glucose (0.2 mM) at dilution 
rate 0.52. The dry weight of cells at various dilution rates amounted 1.3-1.5 
g/i. 
m M 
100 -, 
D(h" 1 ) 
Fig 1 fermentation products of Strep mutans C67 1 at various dilution rates in 
medium PYG 1 (50 mM glucose) α = glucose, t> = acetate, f = lactate, * = ethanol 
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m M -
20 -, 
15 
10 
D ( h " 1 ) 
Fig 2. Fermentation products of Strep mutans C67-1 at various dilution rates in 
medium PYG 2 (5 mM glucose) α = glucose, о = acetate, Δ = lactate, * = ethanol. 
The culture in PYG 2 contained residual glucose (0.2 mM) at dilution 
rate 0.8. At this dilution rate the dry weight of cells (0.20-0.25 g/1) decreased 
to0.15g/l. 
The carbon (C) recoveries were 60-85% in PYG 1 and 85-110% in PYG 2 
and were calculated from the amount of glucose fermented and the amounts 
of products measured in the culture samples. 
Growth without pH control resulted in a pH drop to pH 5.1 in PYG 1 and 
pH 5.8 in PYG 2. Residual glucose, 32 m M, was found in PYG 1 (table II). 
Table II Continuous culture, without pH control, of Streptococcus mutans C67-1 and 
Veillonella alcalescens OMZ 193 in PYG 1 (50 mM glucose) and PYG 2 (5 mM glucose) 
Culture 
medium 
PYG 1 
PYG 1 
PYG 2 
PYG 2 
Strains 
C67-1 
C67-1 and 
OMZ 193 
C67-1 
C67-1 and 
OMZ 193 
Dilution 
rate 
h"1 
0.23 
0.20 
0.36 
0 20 
pH 
5 1 
4.9 
5 8 
6 2 
Residual 
glucose 
mM 
32.2 
34.4 
0 
0 
Lactate 
mM 
194 
132 
7 4 
0 
Acetate 
mM 
2 5 
5.5 
3.2 
9.7 
Propion 
ate 
mM 
0 
5 9 
0 
6 5 
bthano 
mM 
< 1 
< 1 
< 1 
3 
Growth 
yield 
g/1 
0.21 
0.25 
0.17 
0.27 
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Growth ofV.alcalescens in continuous culture 
The results of the cultures of V.alcalescens OMZ 193 in medium PYL 1 (90 
mM lactate) and medium PYL 2 (9 mM lactate) are summarized in table 
III. In both cultures the amounts of propionate and acetate decreased with 
increasing dilution rates. Residual lactate was only observed in PYL 1 at 
high dilution rates. The С recovery in PYL 1 was about 100 % except at dilu­
tion rate 0.57. The amount of carbon in the products of the culture in PYL 2 
was higher than the amount of carbon in the lactate supplied. This indicates 
Table III Growth of Veillonella alcalescen^ OMZ 193 in continuous culture in medium 
PYL 1 and PYL 2 
Dilution Initial 
rate lactate 
h"1 mM 
Residual 
lactate 
mM 
Veillonella alcalescens in 
0 03 104 
0 06 104 
0.13 96 
0.22 96 
0.41 96 
0.57 96 
0 
0 
0 
0 
7 
30 
Veillonella alcalescens in 
0 05 9 
0.14 9 
0.23 9 
0.31 9 
0 5 1 10 
0 
0 
0 
0 
0 
Products tormed 
Acetate 
mM 
PYL1 
59 
69 
54 
47 
47 
23 
PYL 2 
11 
12 
9 
9 
5 
Propionate 
mM 
67 
61 
63 
65 
53 
28 
18 
16 
15 
11 
7 
С recovery 
% 
102 
103 
103 
100 
95 
66 
280 
266 
233 
188 
103 
Molar 
ratio of 
propionate 
to acetate 
1 1 
0 9 
1 2 
I 4 
1 1 
1 2 
1 6 
1.3 
1 7 
1 2 
1.4 
Growth 
yield 
g/1 
0 56 
0 46 
0 72 
0 65 
0 66 
0 33 
0 15 
0 17 
0 19 
0 11 
0.10 
that at low growth rate and low lactate supply other components of the 
medium are transformed into propionate and acetate (Table III). 
Growth of Strep, mutans C67-I and V.alcalescens OMZ 193 in mixed 
continuous culture 
The results of mixed cultures of Strep, mutans C67-1 and V.alcalescens 
OMZ 193 in medium PYG 1 (50 mM glucose) and PYG 2 (5 mM glucose) 
20 
mM 
100 
80 -
60 -
40 -
20 -
Fig S Fermentation products of Strep mutans C67-1 and V alcalescen! OMZ 193 
at various dilution rates in medium PYG 1 (50 mM glucose) π = glucose, о = acetate, 
• = propionate, л = lactate, * = ethanol 
are shown in figures 3 and 4. Acetoin and formate were found in PYG 1 at all 
dilution rates. In PYG 2 formate was found at dilution rate 0.07. 
The culture in PYG 1 contained residual glucose, 0.2 mM, at dilution rate 
0.41, while residual glucose, 4 mM, and lactate, 14 mM, were found at 
dilution rate 0.58. At this dilution rate the dry weight of cells (1.5-1.8 g/1) 
decreased to 1.3 g/1, indicating that the culture was near its washing-out 
point. The cultures in PYG 2 contained no residual glucose or lactate, the 
dry weight of cells amounted 0.20-0.23 g/1. The С recoveries were 60-75% in 
PYG 1 and 110-210% in PYG 2. No effect of the dilution rate was observed 
on the relative amount of V.alcalescens being 10-25% of the colony forming 
units (cfu) in both media. 
Mixed growth without pH control resulted in a pH drop in both media. 
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1 5 
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Fig. 4. Fermentation products of Strep, mutans C67-1 and V. alcalescem OMZ 193 
at various dilution rates in medium PYG 2 (50 mM glucose), о = glucose, о = acetate, 
• = propionate, л = lactate, * = ethanol. 
The culture in PYG 1 contained residual glucose and lactate (Table II). The 
growth of V.alcalescens in both mixed cultures was obvious from the viable 
counts containing about 30% cfu of V.alcalescens and from the presence of 
propionate in the cultures. 
Discussion 
Continuous culture of Strep, mutans 
Strep mutans forms in addition to lactate various fermentation products 
from glucose. Acetate, ethanol and formate have been observed in anaerobic 
cultures of Strep, mutans by Dallmeier (1970) and acetoin in aerobic cultures 
by Yamada et al. (1970). In the continuous culture of Strep, mutans, the 
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ratio between the various fermentation products was affected by the growth 
rate and the glucose concentration of the medium. At high dilution rates glu-
cose was fermented predominantly to lactate while at low dilution rates 
acetate was the main product in addition to lactate and formate. Acetoin was 
observed at high glucose concentration. 
An increase in the amounts of volatile fatty acids formed from glucose at 
decreasing growth rates was also observed for Strep, faecalis by Roosen-
berger and Eisden (1960) and for Lactobacillus casei by de Vries et al. (1970). 
The shift from lactate production to decarboxylation of pyruvate results in 
the production of more equivalents acid. In dental plaque this may effect the 
déminéralisation of the teeth. 
The low carbon recovery at high glucose concentration can be explained 
by the non quantitative recovery of all fermentation products expecially for-
mate, acetoin and CO2. Another explanation might be that at this glucose 
concentration some other substance in the medium became the limiting 
factor and the excess of the substrate was incorporated in polymeric products 
(Gunsalus and Shuster, 1961). 
Continuous culture ofV.alcalescens 
The lactate used in the medium was a racemic mixture. The disappearance 
of all lactate indicates that both EH—) and L(+) lactate were fermented by 
V.alcalescens. 
The propionate: acetate ratios in the cultures were within the range of the 
values found for V.alcalescens, (Foubert and Douglas, 1948 and Johns, 1951) 
and for V.párvula, (Ng and Hamilton, 1971 and 1973). The variations in the 
propionate: acetate ratio might be due to fluctuations in the amount of CO2 
in the supplied gas mixture. Johns (1951) showed that the amount of 
propionate formed was dependent on the amount of CO2 present. The fer-
mentation of lactate by V.alcalescens yielded an equivalent amount of acid 
products. This is in agreement with the results of Foubert and Douglas 
(1948) and Ng and Hamilton (1971) and indicates that in dental plaque no 
reduction of the equivalents acid can be expected by the fermentation of lac-
tate by V.alcalescens. 
Mixed continuous culture of Strep, mutans and V.alcalescens 
V.alcalescens cannot ferment glucose (Rogosa, 1965). In mixed culture with 
Strep, mutans, V.alcalescens degraded all lactate produced and survived in 
the glucose medium at all growth rates tested. In the mixed culture without 
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pH control the fermentation of lactate by V.alcalescens was affected by the 
pH of the culture; this can be concluded from the residual lactate present. 
Both strains showed to form a food chain wherein a waste product of Strep. 
mutans is a substrate for V.alcalescens. 
In relation to dental caries it must be mentioned that the symbiosis of 
Strep, mutans with V.alcalescens will not result in a reduction of the 
equivalents acid produced per mole glucose. However, the presence of 
V.alcalescens in dental plaque will result in the conversion of lactic acid into 
acids with 1) a lower dissociation constant which may reduce the deminera-
lization of the enamel by acid dissolution (Strâlfors, 1958 and Geddes, 1972) 
and 2) a higher dissociation constant of the calcium complex (Gray, 1966) 
which may reduce the demineralization by complex formation (M0rch et al. 
1971). 
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Establishment of Defined Microbial Ecosystems 
in Germ-Free Rats 
I. The Effect of the Interaction of Streptococcus muían» or Streptococcus sanguis 
with Veillonella alcalescens on Plaque Formation and Caries Activity 
F . H . M . MlKX, J. S. VAN DER HOEVEN, K. G . KÖNIG, 
A. J. M. PLASSCHAERT and B. GUGGENHEIM 
Institute of Preventive Dentistry, Medical Faculty, University of Nijmegen, Nijmegen 
and Experimental Caries Research Laboratories, Dental Institute, 
University of Zürich, Zurich 
Abstract. Early gnotobiotic caries experiments have Key Words 
been done in mono-association, although natural caries Experimental caries 
is always the result of bacterial interactions. Gnotobiosis 
In 2 experiments, 4 groups of 8 weanling germ-free Microbiology 
O-M rais were mono-associated with Strep, mutans Streptococcus mutans 
GS5 or Strep, sanguis 34, or one of these streptococcal Streptococcus sanguis 
strains was inoculated in di-association with V. alcales- Veillonella alcalescens 
cens OMZ 193. Two /-irradiated powdered semi-synthetic 
diets with 16 or 40% sucrose were given for 30 days. 
Di-association of the streptococcal strains with V. alcalescens resulted in caries 
activities on the 16-perccnt sucrose diet significantly lower (ρρ<0.05) than in 
rais mono-associated with the respective streptococcus. GS5 was more cariogenic 
than 34 ( P F < 0 . 0 5 ) . Electron microscopy of plaque in rats on the 40-percent suc­
rose diet showed colonies of V. alcalescens between masses of streptococci, deep 
in fissures and smooth surface plaque. 
Introduction 
Several animal models have been used to assess the plaque forming 
potential and the cariogenicity of strains of oral bacteria. Although the 
methods applied varied considerably in different laboratories [for a re­
view see KÖNIG and GUGGENHEIM, 1968 ; FITZGERALD, 1968] these 
studies shared the common trait that only the effects of one particular 
strain were studied. Today nearly two decades after the classical intro-
duction of the gnotobiotic system into dental research by ORLANO [1954, 
1955] the list of bacteria cariogenic in mono-associated rodents compris-
es several species and intermediate biotypes of the genus Streptococcus, 
Lactobacillus acidophilus, casei and Actinomyces viscocus and naeslun-
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du These organisms are able to attach and colonize on dental enamel 
either on smooth surfaces or in fissures, and furthermore share the capa-
bility to form and tolerate acid 
In humans as well as in conventional animals, however, dental 
plaque consists of a mixed population In developing human plaque dis-
tinct shifts withm the microbial population were obsened [LOE et al, 
1965, R I T Z , 1967] which reflect changes in the ecological determinants 
[ALEXANDER. 1971] The overall metabolic activity within this ecosystem 
is the result of numerous bacterial interactions and is finally responsible 
for the pathological changes In the mono-associated rats interactions 
between bacteria of different species and genera are lacking In multi-as-
sociated rats, interactions may modify the canogenicity of a certain mi-
croorganism in diflcrent directions For example the canogemcity of 
plaque in gnotobiotic rats consisting either of strains of Streptococcus 
mutans alone or m association with other genera was found to be in-
creased [GLGGENHEIM and REGOLATI, unpublished] or decreased 
[KÖNIG et al, 1965, VAN DER HOEVEN et al, 1972] In these experi-
ments the composition of the accompanying flora was poorly defined 
and, therefore, the nature of the microbial interactions determining the 
canogenicity remained obscure 
Although the experimental possibilities of mono-associating germ-free 
animals with different strains of oral bacteria are unlimited the prospects 
of gaining essential new information appear to be small However, the 
possibilities with the gnotobiotic animal model for dental research are by 
no means exhausted Investigations confined to the intestinal microflora 
[LUCKEY, 1970] have shown that problems of intermicrobial and host-
microbiota interactions may be successfully studied using this model 
[GIBBONS. 1964] 
The microbial ecology of the oral cavity is virtually unknown, for 
many of the factors involved this is so because existing experimental 
possibilities have not yet been applied fully to investigate them The es-
tablishment of defined ecosystems in germ-free rats using plaque mi-
croorganisms from which specific interactions can be expected might 
prove to be a fruitful approach 
In the present paper two canogenic strains of streptococci were each 
combined with a strain of Veillonella alcalescens These streptococci 
were known to produce homofermentatively lactic acid and extracellular 
polysaccharides from sucrose On the other hand, Veillonella alcalescens 
cannot ferment carbohydrates Lactic acid is fermented to propnonic 
acid and acetic acid, CO, and H, [ROGOSA et al, 1965] The anticipat-
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ed predominant interaction would, therefore, be a consumption of lactic 
acid resulting in a decreased canes activity of the streptococci. 
Materials and Methods 
The experiments were performed in Nijmegen and in Zurich in the same way 
e\Lept slated otherwise 
Mitroorgaiiisnis 
The test organisms Stiep mtttam, strain GS 5 and Stiep sanguis, strain 34, 
were grown in brain-heart infusion broth (Difco) V alcalescen?, strain OMZ 193, 
was grown in Veillonella broth V 17 [ROGOSA, 1964] Strep mutans, strain GS 5, 
Stiep sanguis, strain 34 and V alcalescens, strain O M 7 193 subcultured from 
strain V 5 were kindly supplied by Dr R GIBBONS, Forsyth Dental Center, Bos­
ton, USA The inocula were prepared from 100 ml, 24-hour cultures in Nijmegen 
In Zuin-h, Veillonella was harvested after 6 h and streptococci after an overnight 
incubation at 37 "-С The cells were centnfuged, 10 mm at 10,000 g and suspended 
in 5 ml saline In the treatments where two stra'ns were inoculated, a mixture of 
both suspensions was prepared in the isolator immediately before application 
Feces, mouthswabs and plaque samples were suspended in 5 ml transport medium 
[DE STOPPELAAR et al, 1969], diluted m saline and plated on blood agar The rat 
tongues were collected at the end of the experiment and cultured in V 17 medium 
All cultures were grown anaerobically in an atmosphere of 900/o Nj and 100/o C O , 
in Nijmegen or 950Ό H 2 and 5% C O , in Zurich, at 37 С 
7 lealnients 
32 germ-free Osborne Mendel rats originating from 4 litters were weaned 20 
days after birth, they were individually marked and the litters distributed at ran­
dom over 4 tieatments Each treatment was carried out in a separate isolator con­
taining two cages with 4 rats each All rats were fed diet 516 S in Nijmegen Diet 
516 S was a low fat, high carbohydrate powdered diet It contained sucrose 160/o, 
wheat flour (700/о extraction) 450/o, skim milk powder 32%, vitamine mineral prole-
in supplement (Geveral Protein, Lederle) 20/o, brewer's yeast (Engevita) 50/o The 
diet was supplemented with a vitamine mixture according to Gustafsson's diet D 7 
[LucKbY, 1963, ρ 494] The diet was sterilized by >-irradiation (2 5 Mrad) 
The rats were inoculated as follows 
Treatment A strain GS 5 
Treatment В strain GS 5 and OMZ 193 
Treatment С strain 34 
Treatment D strain 34 and OMZ 193 
The inoculum (0 2 ml) was applied by a syringe 
The establishment of the microflora and the occurrence of infections was 
checked weekly by mouthswabs and sampling of feces 
30 days after inoculation the Nijmegen experiment was terminated The rats 
wcie decapitated and plaque samples were taken from the first molar of the upper 
jaw 
In Zurich, two experiments were carried out In a preliminary experiment it 
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was investigated, whether a combination of V alcalescens OMZ 193 and Snep 
mutans OMZ 176 could be established in the oral cavity of germ-free rats Eight 
germ-free Fisher-rats originating from one litter were available The animals were 
housed singly in stainless-steel cages with screen bottom Four animals received 
diet 516 S and the remaining 4 rats were fed diet 540 S With the exception of the 
sucrose content (400/o) and wheat flour (21l)/o) it was composed as diet 516 S Two 
animals on diet 540 S died 12 days after the beginning of the experimental period 
which lasted 6 weeks 
In the main experiment two tieatments were run. In treatment A the rats were 
mono-associated with Strep mutani OMZ 176, and in treatment В a combination 
of V. alcalescens OMZ 193 and Strep mutans OMZ 176 was implanted Diet 
516 S was replaced by the 40-percent glucose containing diet 540 G, because it 
was assumed that a diet containing 40l,/o glucose would provide more information 
in comparison to diets containing sucrose on two levels However, a few days af­
ter the start of the experiment the rats inoculated with the combination of organ­
isms showed flatulence and heavy diarrhoea The majority of the animals died 
and the experiment was stopped because the remaining rats were in a hopeless 
condition The inadequacy of diets containing 40° Ό fermentable carbohydrates for 
gnotobiotic rats diassociated with streptococci and veillonella was most probably 
due to gas formed by the latter organisms from lactic acid produced by the for­
mer at a rate above the tolerance limits of the animals For this reason the suc­
rose concentration in the diet in Nijmegen was reduced to 16° о 
Sample Preparation /or ΗηιοΙοί,ιιαΙ Lvahuitton 
The histological procedure for the examination ot the composition of smooth 
sui face, coronal and fissure plaque of the 1st, 2nd and 3rd molars (ir^-m,) have 
been described in detail [KALBFRER et al, 1971] Two lower half jaws from two 
animals originating from the preliminary experiment were examined 
L\aliuitton o/ Plaque hoimtilion und Caries Iniiclente 
After sacrifice, the jaws were removed and fixed in 10° и buttered tormaline 
Plaque accumulation was scoi ed in upper and lower jaws for buccal and lingual 
smooth surfaces per molar separately according to the following classification 
slight (1), moderate (2) and severe (3) The cumulative values per criteria were 
tabulated in mean plaque scores per rat 
Smooth surface caries was scored according to the method of KEYES [1958] 
The lower jaws were serially sectioned, stained and mounted on slides according 
to KONIG et al [1958] 
On coded slides, the numbers of carious lesions in 16 fissures of the right and 
left mandibular molars were scored under incident light at 16 times magnification 
Alter decoding and tabulation of the data, they were subjected to two-way an­
alyses of variance. 
Resulti 
The presence of strain GS 5 and strain 34 as monocontaminants and 
m association with OMZ 193 in the respective treatments could be dem-
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Fig. I. Cross-section of plaque composed of Strep, пинии·, OMZ 176 and Veil-
loiicllu OMZ 193. и Smooth surface plaque from the coronal region of a second 
lower molar, underlieing enamel (E) was removed by decalcification. / 165. h 
The central fissure of a lower second molar was almost completely packed with 
micro-organisms and extracellular products, the enamel (E) was completely dis­
solved and dentine (D) partially moved during del calcification. Phase contrast mi­
crographs. 115. 
onstrated during the whole experimental period. Attempts to grow strain 
OMZ 193 from oral swabbings and fecal samples were unsuccessful in 
Nijmegen. However. Gram stained smears indicated the presence of 
strain OMZ 193. At the end of the experiment it was possible to culti­
vate strain OMZ 193 from the tongues and from plaque samples. Infec­
tions could not be detected in any treatment during the experiment. 
Growth of the animals was normal on all treatments as judged by ter-
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minai average weight. 
In Zürich, strain OMZ193 and OMZ 176 could be cultivated from 
oral swabs and feces from the beginning to the end of the experiment 
whenever samples were taken. 
In figure 1 phase micrographs of cross-sections through coronal 
plaque and plaque in a central fissure of a second molar are shown. As 
electron micrographs (fig. 2 and 3) demonstrate, veillonellae were de-
tected in coronal and in fissure plaque. The gram-negative cocci colo-
nized in dense microcolonies. These colonies were surrounded and occa-
sionally invaded by cells of Streptococcus mutans. The streptococci were 
embedded in a matrix composed of fibrillar mutan [GUGGENHEIM, 1970] 
which was occasionally also detected between cells of Veillonella. This 
may be explained by a diffusion of glucosyltransferases produced by 
cells of Streptococcus mutans. The shape of the veillonellae was very of-
ten irregularly distorted indicating that space within the plaque was lim-
ited and pressure was exerted on these cells. No fundamental differences 
were observed between smooth surface and fissure plaques. Veillonella 
and Strep, mutans colonized in the above-described pattern in the 
depths of fissures (fig. 2) throughout the fissure, to the coronal region 
(fig. 3) and smooth surfaces as a continuous lawn. 
The averages and standard deviations of plaque and canes scores are 
summarized in table 1. In no treatment severe plaque was found and no 
smooth surface caries was observed. 
The plaque score in rats associated with streptococci plus veillonellae 
was higher than in rats harbouring streptococci only (pF<0.01; table II 
comparison C2). Di-association with streptococci and veillonellae result-
ed in significantly lower average numbers of fissure lesions compared to 
rats mono-associated with streptococcal strains (pF<0.05; table II com-
parison C,; confirmed by non-significance of C3). 
Strep, mutans strain GS 5 was significantly more cariogenic than 
Strep, sanguis strain 34 (pF<0.05; comparison Ci). 
Fig. 2. Sections of smooth surface plaque from the coronal region of a second 
lower molar; a a microcolony of Veillonella surrounded by cells of Slrep ітчапч 
(S
m
) embedded in fibrillar muían (MU) Microinterstitial aeras between cells of 
Veillonella are filled with mutan (arrow) which appeared to be synthesized by gly-
cosyltransferases diffused from streptococci. X 12,300 b Borders of microcolomes 
of Veillonella (CV), the cells are flattened and deformed. The colonies are sepa-
rated by cells of Strep mutans which are enclosed in abundant amounts of mutan 
Specimens stained with uranyl and lead salts. X 18,860. 
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Table I. Averages ± standard deviations of plaque score, caries score (dentinal fissure 
lesions), and final weight of gnotobiotic rats associated with Strep, mutans strain GS 5 (A), 
Strep, mutans strain GS 5 and V. alealescens strain OMZ 193 (B), Strepi, sanguis strain 
34 (C), Strepi, sanguis strain 34 and V. alealescens strain OMZ 193 (D) on diet 516S 
Treatment A 
Strain GS5 
Number of rats 8 (<? = 6) 
Weight 217 ±32 
Plaque. score 
(slight) 2.5 ± 2.2 
Caries score 2.75 ± 1.84 
В 
GS 5; OMZ 193 
8 (¿ = 5) 
193 ±26 
4.9 ± 1.9 
1.00± 1.19 
С 
34 
8 W = 2) 
181 ± 3 0 
4.1 ± 1.7 
1.13± 1.00 
D 
34; OMZ 193 
8 ( ¿ = 5) 
220 ±33 
5.3 ± 5.8 
0.75 ± 1.07 
Table II. Analyses of variance of fissure lesions (dentinal) and of plaque scores (slight) 
encountered in the 4 groups of 8 rats. Ci = Strep, mutans vs. Strep, sanguis; Ci = Strep. 
with Veillonella vs. Strep, without Veilkmella; Сэ = С 2 х С і ; D F = degrees of freedom; 
SS = sum of squares; MS = mean square; * = P F < 0 . 0 5 ; ** = рк<-0.01 
Source of variance 
Between treatments 
Cl 
C2 
Сз 
Litters 
Remainder (error) 
Total 
DF 
3 
1 
1 
1 
3 
25 
31 
Fissure lesions 
SS 
19.84 
17.40 
30.48 
67.72 
MS 
6.61"* 
7.03* 
9.03* 
3.78 
5.80** 
1.22 
Plaque 
SS 
38.76 
48.50 
70.74 
158.00 
accumulation 
MS 
12.92* 
6.13 
28.13** 
4.50 
16.17** 
2.83 
Discussion 
The establishment of V. alealescens in association with strains of 
Strep, mutans or sanguis in germ-free rats was demonstrated by micros­
copic, bacteriological and histological techniques. In Zürich Strep, mu-
Fig. 3. Section of fissure plaque from the deepest part of a molar fissure; 
a a larger colony of Veillonella (CV) is surrounded by cells of Strep, mutans (Sm) 
embedded in mutan (MU), the colony is here and there invaded by single chains 
of streptococci. X 5,520. b Such a particular region is shown at a higher magnifi-
cation. Specimen stained with uranyl and lead salts. X 27,600. 
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tans OMZ176 and OMZ 193 were cultured regularly from oral swabs 
and feces In Nijmegen, Veillonella could be recovered from plaque 
samples and from the tongue only, failures may have been caused by in­
sufficient anaerobiosis during incubation 
The intestinal tract was colonized bv Veillonella This became evi­
dent, when almost all animals fed diet 540 containing 400/o glucose or 
sucrose died from severe flatulence which was a result of gas production 
by Veillonella from lactic acid above a tolerable limit For this reason 
in Nijmegen diet 516 S with a lower sucrose concentration was used in 
order to limit the lactate production by the streptococci 
In di-associated rats plaque formation was found to be enhanced 
Veillonella was previously shown in vitto to contribute to plaque forma­
tion when grown together with diphteroides on epon wires, Veillonella 
formed tightly-packed microcolonies within the matrix synthesized by fi­
lamentous diphteroides [BLADEN et al, 1970] A similar pattern of co­
lonization of Strep mutam and Veillonella was also found in м о Veil­
lonella grew in dense microcolomes embedded in a matrix of fibrillar 
mutan and was surrounded by cells of Strep mutans Microinterstitial 
areas between cells of Veillonella were filled with mutan which appears 
to be a result of a diffusion of streptococcal glucosyllransferases Dense­
ly-packed cells of Veillonella were flattened indicating that the cells in 
plaque are growing under considerable pressure Based on morphologi­
cal criteria colonies of Veillonella on electron micrographs of cross-sec­
tions of human dental plaque [SCHROEDER and DE BOEVER, 1970] may 
now be readily identified After an experimental period of 6 weeks 
practically all fissures were found to be completely packed with plaque 
Occasionally, hair or food impaction was noticed These findings corro­
borate earlier investigations by KAI BLRER et al [1971] on the fissure 
content of conventional rats or rats in relative gnotobiosis No particular 
microhabitat of Veillonella or Strep mutans was found LIUEMARK and 
GIBBONS [1971] found the dorsum of the tongue to be the preferential 
site of colonization of Veillonella Veillonella showed only a limited 
ability to attach to cleaned teeth The present findings are by no means 
contradictory to this concept, but demonstrate that microorganisms 
which show a limited ability to attach to the clean or pclhcal covered 
tooth surface only, and with no apparent capacity of matrix formation, 
may colonize in dental plaque by profiting from the matrix excessively 
synthesized by other organisms 
The low canes score in this experiment may be partially due to the 
short experimental period of 30 days and the low sucrose content of the 
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diet. The caries activity as expressed by the number of fissure lesions in 
rats with veillonellae and streptococci was lower than in rats mono-as-
sociated with streptococci. This caries reduction may be explained by 
several compatible reasons. The most obvious is of course the lactic acid 
consumption by veillonellae resulting in a reduced operational caries ac-
tivity ol the streptococci. Veillonella could have exerted an inhibitory ef-
fect on the metabolism of streptococci. An indication for this interaction 
are the results of PARKER and SNYDER [1961] who noticed an increase in 
the generation times of Strep, salivarius and V. alcalescens in mixed cul-
tures. Furthermore, in di-association the number of streptococci may 
have been decreased resulting in a non-specific caries reducing effect. 
In previous experiments the caries activity, cither in relative gnoto-
biosis [KÖNIG et al., 1965] or in reconventionalized rats [VAN DER 
HOEVEN et a!.. 1972] was decreased in comparison to mono-inoculated 
or mono-associated controls when strains of Strep, mutans were inocu-
lated with an accompanying flora. However, it is highly questionable 
whether these were unspecific effects, i.e. the result of a true numeric re-
duction of one given strain. In the last analysis it may well be found to 
be the consequence of a number of hitherto unknown interactions. 
Although many questions remain unanswered, it may be concluded 
that the implantation of a known flora into germ-free animals will be a 
useful tool for the study of microbial interactions involved in plaque for-
mation and the caries process. 
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Establishment of Defined Microbial Ecosystems in Germ-Free Rats 
II. Di-association of Osborne Mendal rats with Veillonella alcalescens and 
several oral microorganisms 
F.H.M. MIKX, J.S. VAN DER HOEVEN, A.J.M. PLASSCHAERT and J.C. MALTHA 
Institute of Preventive and Community Dentistry, University of Nijmegen, 
Nijmegen, The Netherlands 
Abstract. The plaque formation and canes activity of Streptococcus mutans C67-1. Bacter-
lonema matruchotu АГСС14266, Bactenonema sp. Ny 205, Rothia sp Ny 21 and Neisseria sp. 
Ny 204 were studied in mono-associated Osborne Mendel rats and in di-associated rats in 
combination with Veillonella alcalescens OMZ 193. The proportions ot the strains were assessed 
in pooled plaque samples. A decrease in the proportion of V.altalescens was observed during the 
experimental period. A reduction ot dentinal fissure lesions was found in the rats di-associated 
with V.alcalescens and Strep, mutans. Electron micrographs ot the fissures revealed that 
V alcalescens was not established in the fissures of rats di-associated with this strain and Bacte­
nonema sp., Rothia sp. or Neisseria sp , in these di-associated rats no reduction of the canes 
activity was observed. 
Introduction 
V.alcalescens have been reported to comprise part of the microbial com­
munities found on teeth, in periodontal pockets in saliva and on the tongue 
(Langford et al. 1950, Rogosa, 1956, Ritz, 1967 and Dwyer, 1968). Douglas 
(1950) suggested that since veillonellae could metabolize the lactic acid being 
formed in the mouth they might be a significant factor in deterring the 
production of dental caries. The lactic acid termentation and the presence of 
propionic and acetic acid in dental plaque has been investigated by Geddes 
(1972). 
In mixed cultures V.alcalescens and Strep, mutans have been shown to 
form a food chain in the degradation of glucose (Mikx and van der Hoeven, 
1974). The germ-free rats have shown to be a useful tool in the study of 
microbial interactions in dental plaque. A significant reduction of fissure 
caries was found in germfrec rats associated with streptococci and veillonel­
lae (Mikx et a!.. 1972). 
In the following experiments the symbiosis of V.alcalescens with several 
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oral microorganisms is studied, by measuring their presence and proportions 
in dental plaque and by comparing the caries scores in mono- and di-asso-
ciated Osborne Mendel rats. 
Materials en Methods 
Microorganisms 
In this part the characteristics of the inoculated strains are given. 
Vcillonella alcalescens, strain OMZ 193, subcultured from strain V5, was 
originally isolated from the human oral cavity (Rogosa, 1964) and is an obli-
gate anaerobe, which produces propionic and acetic acids, C02and Hj. Final 
pH in Peptone Yeast extract (PY) medium (Holdeman and Moore, 1972) 
with 1% lactate, is pH 6.8 in anaerobic culture (85% N2, 10% H2 and 5% C0 2 
atmosphere). 
Streptococcus mutans, strain C67-1, was isolated from smooth surface 
plaque of a caries active child (De Stoppelaar et al. 1969). Fermentation 
products are lactic, acetic and formic acids and ethanol. Final pH in PY 
medium with 1% glucose is pH 4.1 in aerobic and anaerobic culture. 
Bacterioncma matntchotii. ATCC 14266, was isolated from the human 
oral cavity (Gilmour et al. 1961). Fermentation products are propionic, 
acetic, formic and lactic acids. Final pH in PY medium with 1% glucose is 
pH 5.4 in aerobic and pH 4.1 in anaerobic culture. The growth yield was 
markedly reduced under anaerobic condition. 
Bacterioncma sp., strain Ny 205, has the same characteristics. 
Neisseria sp., strain Ny 204, is an aerobic species, which produces no lac-
tate. Final pH in PY medium with 1% glucose is pH 5.8. 
Rothia sp., strain Ny 21. Fermentation products are lactic and acetic 
acjds. Final pH in PY medium with 1% glucose is pH 5.1 in aerobic and pH 
5.4 iii anaerobic culture. Strains Nv 205 and Ny 204 were isolated from 
dental plaque of rats, strain Ny 21 from dental plaque of' a child. These 
strains have shown to produce extracellular polymer and to induce plaque 
formation in rats (van der Hoeven et al., 1974). 
Inoculation 
The test organisms were cultured in an atmosphere of 85% N2, 10% H2 and 
5% C0 2 at 370C in different media: strain OMZ 193 in Vcillonella broth V17 
(Rogosa, 1964); strain C67-I in Brain Heart Infusion broth (BHI, Difco) 
supplemented with 2% glucose and strains ATCC 14266, Ny 205 and Ny 21 
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in Actinomyces broth (BBL). Strain Ny 204 was cultured aerobically in BH1 
with 10% horse serum and 2% glucose. The rats were inoculated on 2 succes-
sive days with aliquots of 0.1 ml of 18 h cultures. 
Treatments 
The experiments were performed in germ-free Osborne Mendel rats. In 
every experiment the litter mates were equally divided over the treatments. 
Each bacterial strain was tested in mono-association and in di-association 
with V.alcalescens in the same experiment. 
Diets 
Diets 516 S and 540 S contained 16% and 40% sucrose respectively and diets 
516 G and 540 G contained 16% and 40% glucose respectively. Further 
constituents of the diets were 45% or 21% wheat flour. 32% skim milk 
powder, 2% Gevral Protein (Lederle), 5% brewers yeast. The diets were 
supplemented with a vitamin mixture according to Gustafson's diet D7 
(Luckey 1963, p. 494) and were sterilized by y irradation (2.5 M rad). 
Recovery of the Inoculated Strains 
During the experiments mouth swabs were taken to check the presence of 
the inoculated strains. The cotton swabs were immersed in 5 ml BHI directly 
after sampling. At the end of each experiment samples were taken of the 
maxillae by isolating one half maxilla per rat. In experiment IV maxilla 
samples were taken during the experimental period: two samples per inocu-
lation group were taken on experimental days 3, 7, 14 and 28 and four 
samples on experimental day 54. The mouth swabs and maxillae were treat-
ed in 5 ml BHI for 10 sec. at 75 Watt with a B12 Branson sonifier. Portions 
of 0.1 ml, taken from several ten folds dilutions were spread on pre-reduced 
blood-agar plates and incubated for 2 days in 85% N2, 5% C02, 10% H2 
atmosphere at 370C. Samples of rats inoculated with Neisseria Ny 204 were 
incubated also aerobically. 
The caecum content of the rats in experiment II was assessed in gram-
stained films according to Meynell and Meynell. (1970). 
Electron Microscopy 
The first molars of the upper jaws were separated and each was fixed in a 
formaldehyde glutaraldehyde fixative for 3 h at room temperature followed 
by a second fixation in 1.33% OsOA in 0.067 M S-collidine, pH 7.2 at 40C for 
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2 h. The molars then were dehydrated, embedded in Epon, decalcified in an 
EDTA-glutaraldehyde mixture at pH 7.2, again fixed in Os04, dehydrated 
and re-embedded in Epon, according to Kalberer et al. (1971). Ultrathin 
sections were cut on a Reichert OmU2 ultramicrotome using glass knives. 
The sections were stained with uranyl acetate and lead citrate and studied 
in a Philips EM 200. Sections of fissure samples were made of rats in experi-
ments II and IV at the end of the experimental periods. 
Evaluation of Plaque and Caries 
Plaque, smooth surface caries and fissure caries were evaluated according 
to König (1959 and 1966) and Keyes (1958) as previously described (Mikx et 
al., 1974). 
Results 
Viable Counts 
The presence of V.alcalescens in the oral cavity was confirmed by the 
cultures of maxillae samples in all di-associated rats and in the rats mono-
associated with V.alcalescens. 
Cultures of the mouth swabs gave mostly negative results. The propor-
tions of colony forming units (cfu) of V.alcalescens in di-associated rats in 
experiment IV are given in table I. In all inoculation groups a decrease in 
Table I Relative numbers of cfu of Veillonella alcalescens OMZ 193 in maxilla samples 
taken during experiment IV 
Inoculated strains Relative numbers of V. alcalescens and mean of total cfu 
per sample 
dayS 1 d a y ? 1 day 141 day 281 day 542 
Rothiasp Ny 21 and 7 4 - 8 0 6 6 - 6 8 18-19 n.t. 3 - 3 6 
V alcalescens OMZ 193 (З.ІхЮ 6 ) (1 ЗхЮ 7 ) (5 4 x l 0 6 ) (4.5xl0 6 ) 
Bactenonema ψ Ny 205 and 77-86 65-81 57-60 2 7 3 3-41 
V alcalescens OMZ 193 (4 2 x l 0 6 ) (4.4xl0 6) (0 7 x l 0 6 ) (2.2xl0 7 ) (З.ЗхЮ 6) 
Neisseria φ Ny 204 and 15-25 4 - 9 2 n.t 5 - 1 8 2-5 
V. alcalescens OMZ 193 (7.2xl0 6 ) (ЗОхІО 7) (І .бхЮ 7 ) (1 8 x l 0 7 ) 
number of samples = 2 
number of samples = 4 
one sample 
n.t. = not tested 
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F/g /. Sections of fissure plaque taken at day 40 of rats di-associated with 
V. alcalescerá OMZ 193 and Strep, mutans C67-1. Densely packed cells of V. alcalescens 
(V) surrounded by polysaccharide and Strep, mutans cells (M);x 107,500. Inset: same 
section χ 4,050. 
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Fig. 2. Section of fissure plaque taken at day 54 of rats di-associated with V. alcalescem 
OMZ 193 andRothia sp. Ny 21. VeiUonella-like cells are absent; χ 12,000. 
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relative numbers of V.alcalescens was observed during the experimental 
period. The total numbers of cfu per sample were almost the same during 
the experimental period being the highest in the samples of the rats di-asso-
ciated with Neisseria and V.alcalescens. 
Electron Microscopical Findings 
Electron micrographs of the fissures of di-associated rats at the end of 
experiment II demonstrated densely packed cells of V.alcalescens surround-
ed by cells of Strep, mutans embedded in polysaccharide. Fig. 1. The fissures 
of the rats at the end of experiment IV seemed to contain only one cell type. 
V.alcalescens was not observed in these electron micrographs. As an 
example the fissure plaque of rats di-associated with Rothia sp. and V.alca-
lescens is shown in Fig. 2. 
Total Count of Caecum Content 
In experiment II the number of gram-negative cells per ml caecum content 
amounted to between 106 and 107 cells/ml in rats monoassociated with 
V.alcalescens and between 107 and 108 cells/ml in rats-di-associated with 
V.alcalescens and Strep, mutans. The amount of gram positive cells was 
about 109 cells/ml in rats mono-associated with Strep, mutans as well as in 
rats di-associated with Strep, mutans and V.alcalescens. 
Plaque and Caries Score 
The average scores per rat for plaque and dentinal fissure lesions (T-lesions) 
is shown in Table II. No smooth surface lesions were observed. A significant 
reduction in dentinal fissure lesions was observed in the rats di-associated 
with Strep, mutans and V.alcalescens on diet 516 S, when compared with the 
rats mono-associated with Strep, mutans. However, no reduction was found 
in the same experiment in diet 540 S. Repetition of this di-association on diet 
540 S in experiment II again showed a reduction in dentinal fissure lesions 
when compared with the mono-associated rats (p < 0.02). 
In experiment III a significant increase was observed in plaque score and 
fissure lesions in the di-associated rats on diet 540 S (p < 0.01). 
No significant differences in plaque score or dentinal fissure lesions were 
observed between tho mono- and di-associated rats in experiment IV (Table 
II). 
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Table H Average plaque score and dentinal fissure lesions (T-lesions) in mono- and 
di-associated rats in different experiments 
Mono-association Di association with Significance of 
V alcalescens dit Terence of 
OMZ 193 di association 
versus mono-
Experiment Period Inoculated Diet η Plaque Dentinal Plaque Dentinal
 a s s o c
,
a t , o n 
number in days strains score fissure score fissure 
lesions lesions Plaque Τ lesions 
(Τ) (T) 
M SD M SD M SD M SD 
I 
[ 
II 
II 
HI 
HI 
IV 
IV 
IV 
40 
40 
40 
40 
54 
54 
54 
54 
54 
Strep mutans 
C67 1 
C67-1 
C67 1 
V alcalescens 
OMZ 193 
В matruchotu 
АТГС 14266 
ATCC 14266 
N y 2 0 5 
Rothia sp 
Ny 21 
Neisseria sp 
iNy 204 
516S 
540S 
540S 
540S 
540S 
540G 
516G 
516G 
516G 
8 
8 
4 
4 
8 
8 
4 
4 
4 
1 0 ± 1 0 
0 9 Ю 6 
10±О5 
ootoo 
io±oo 
0 9+0 3 
0 5±0 6 
10±0 0 
2 5±0 6 
7 1±19 
5 2±2 0 
9 610 7 
0 0±0 0 
10+0 7 
2 2±1 4 
4 0±0 0 
1 8±1 7 
3 2±1 0 
12±1 9 
1010 0 
1 2+0 4 
1 4 1 0 5 
l 1±0 3 
0 010 0 
1 2±1 3 
1 8+1 0 
3 5 1 1 4 
5 7±2 4 
6 513 2 
1 9 1 1 4 
18+1 3 
3 2 1 1 0 
3 512 1 
3 0 1 1 4 
η s 
η s 
η S 
p < 0 01 
η s 
η s 
η s 
η s 
* p < 0 00 
л s 
p < 0 02 
p < 0 01 
η s 
η s 
η s 
η s 
* student s t-test 
η = number of rats 
η s = not significant ( p > 0 05) 
Discussion 
The recovery of V.alcalescens in mono-associated rats shows that this 
organism can establish in the oral cavity and intestinal tract in the absence 
of other microorganisms. 
The negative results in the recovery of V.alcalescens in these and previous 
experiments (Mikx et al., 1972) might be due to the use of cotton swabs 
(Ellner and Ellner, 1966). This could also be an explanation for the non-
recovery of V.alcalescens in monoassociated mice (Gibbons et al. 1964). 
The absence of dental plaque in rats mono-associated with V. alcalescens 
might be due to the weak adherence of V.alcalescens to tooth surfaces (Lilje-
mark and Gibbons, 1971) and the absence of extra-cellular polymer. 
The presence oí Strep, mutans had a increasing effect on the cell number 
of V.alcalescens in the caecum of the rats. In contrast to previous results 
obtained in Zurich (Mikx et al. 1972) no fatal effects of the high carbohy-
drate diets were observed, all animals remained in good health without any 
sign of flatulence. 
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The viable counts showed the presence of V.alcalescens in the pooled 
plaque samples of di-associated rats. A decrease with time of the relative 
numbers of V.alcalescens was observed in the rats di-associated with 
V.alcalescens and Neisseria, Rothia or Bacterionema. This is not in accor-
dance with Ritz (1967) who stated that growth of anaerobic organisms such 
as veillonellae in dental plaque is favored by the prior growth of aerobic and 
facultatively anaerobic microorganisms. 
V.alcalescens does not seem to survive for long in the fissures of rats 
di-associated with either Bacterionema sp. Ny 205, Rothia sp. Ny 21 or 
Neisseria sp. Ny 204 and V.alcalescens OMZ 193, since no veillonella-like 
cells were observed in the electron micrographs of these fissures taken at the 
end of the experiment. This result might be explained by the absence of a 
suitable substrate since Neisseria sp. Ny 204 does not produce lactic acid and 
bacterionemae form acids other than lactic acid depending on the growth 
conditions. Also the absence of a suitable glue may be involved; the small 
amount of interbacterial substance observed between the cells in the electron 
micrographs supports this explanation. 
Comparison of the viable counts and electron microscopical findings 
reveals that recovery of V.alcalescens from the pooled plaque samples does 
not imply that this strain is present on all surfaces. 
The reduction of the caries activity of Strep, mutans C67-1 in combina-
tion with V.alcalescens OMZ 193 confirms the previous findings which were 
interpreted to be the result of the conversion of lactic acid into acetic and 
propionic acids by V.alcalescens (Mikx et al., 1972). 
The absence of a reduction of fissure caries in the associations of other 
microorganisms with V.alcalescens can be explained by the absence of 
V.alcalescens in the fissures plaque. Nevertheless it is still questionable 
whether a successful establishment of V.alcalescens would indeed reduce the 
caries activity in these di-associated rats because V.alcalescens may even 
increase the acid concentration in dental plaque by its production of acetate 
and propionate from other substrates than lactate (Mikx and van der Hoeven 
1974). This might have occurred in the rats di-associated with B.matruchotii 
ATCC 14266. 
The results stress the importance of electron micrographs and the need 
for microsampling methods in the study of microbial interactions in dental 
plaque. 
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IV 
Effect of Actinomyces viscosas on the Establishment 
and Symbiosis of Streptococcus mutans and Streptococcus 
sanguis in SPF Rats on Different Sucrose Diets 
F. H. M. M I K X , J. S. V A N D E R H O E V E N , A . J. M . PLASSCHAERT 
and K. G. KÖNIG 
Institute of Preventive Dentistry, Medical Faculty, 
University of Nijmegen, Nijmegen 
Abstract. The effects of Actinomyces viscosus on the Key Words 
establishment and symbiosis of Streptococcus mutans A. viscosus 
and Streptococcus sanguis and of the sucrose concentra- Canogenic diets 
tion of the diet in relation to canes in rats were investi- Ecology, gnotobiotic 
gated. SPF-Osborne Mendel rats were erythromy- Strep, mutans 
cm-treated and inoculated with Strep mutans OMZ176E Strep, sanguis 
and Strep, sanguis NylOlE. In a second experiment SPF 
rats were supennoculated with A. viscosus Nyl, Strep, mutans OMZ176E and 
Strep, sanguis NylOlE. During the experiments the microbial composition of the 
plaque was followed. 
The proportion of the inoculated strains in the cultivated plaque flora was rela-
tively low, being SO0/» in the erythromycm-treated rats and 850/o in the SPF rats. A 
resistance against colonization of Strep, mutans OMZ176E was found in the rats 
pre-inoculated with A. viscosus Nyl and Strep sanguis NylOlE. No effect of the 
sucrose concentration in the diet on the bacterial composition and on the amount of 
plaque was observed No positive correlation was found between the amount of 
plaque and the incidence of canes lesions A significant positive correlation between 
the sucrose content of the diet and the incidence of fissure and smooth surface le-
sions was found. A predominant demineralization of smooth surface and distal fis-
sures was observed in the erythromycm-treated rats that were inoculated with Strep. 
mutans OMZ176E. 
The results suggest that the concentration of sucrose in the diet and the microbi-
al composition, rather than the gross amount of plaque, are the important factors in 
the canes process in rats. 
Strains of Streptococcus mutans have been shown to produce dental 
caries in rats [FITZGERALD et al, 1960; KÖNIG et al., 1965] in hamsters 
[FITZGERALD and KEYES, 1960; KRASSE, 1966] and in monkeys [BOWEN, 
1965] on high carbohydrate diets. A positive correlation between caries 
on smooth surfaces and the frequency of Strep, mutans in plaque has 
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been observed in man [DE STOPPELAAR et al., 1969]. Strains of Strep, san­
guis have been identified in early dental plaque [CARLSSON, 1965] and 
certain strains have been shown to cause dental caries in rats in gnotobio-
sis and relative gnotobiosis [GUGGENHEIM, 1968; RANKE and RANKE, 
1971; Μικχ et al., 1972]. A negative correlation has been observed in hu­
mans and monkeys between the number of Strep, sanguis in plaque and 
the level of caries activity [BOWEN, 1965; DE STOPPELAAR et al., 1969]. 
There is evidence that the establishment of Strep, sanguis and Strep, mu­
tans in the oral cavity depends on the presence of teeth [CARLSSON et al., 
1969, 1970; CORNICK and B O W E N , 1971]. The ability of streptococci to 
colonize the teeth has been ascribed to species-specific factors such as ad­
herence and dextran production [ W O O D and CRITCHLEY, 1966; GIBBONS 
et al., 1966; VAN H O U T E et al., 1971], to the compatibility with the resi­
dent microflora [KEYES and FITZGERALD, 1962; KRASSE et al., 1967; JOR­
DAN et al., 1972] and to the chemical characteristics of carbohydrates and 
their concentrations in the diet [KRASSE, 1965; G U G G E N H E I M et al., 1966; 
B O W E N and CORNICK, 1967]. 
Investigation of Strep, sanguis and Strep, mutans in humans by DE 
STOPPELAAR et al. [1969, 1970], CARLSSON [1967] and CARLSSON et al. 
[1969], showed a predominance of the former in dental plaque. Strep. 
sanguis has been shown to support the growth of Strep, mutans in mixed 
cultures [CARLSSON, 1971], while Strep, mutans has been shown to influ­
ence the survival of Strep, sanguis in vitro [Μικχ, 1971]. 
In two experiments to be described the following effects were investi­
gated: (a) the effect of the sucrose concentration in the diet on plaque for­
mation and smooth surface and fissure caries incidence; (b) the effect of 
the sucrose concentration in the diet on the symbiosis of A. viscosus, 
Strep, sanguis and Strep, mutans, and (c) the effect of the inoculated 
strains on the caries process. 
In experiment I the oral flora was depressed with erythromycin, in ex­
periment II A. viscosus Nyl was pre-inoculated into rats containing their 
indigenous SPF flora. 
Materiah and Methods 
Animals 
Specific pathogen-free (SPF) Osborne Mendel rats were used in both experi­
ments 
Diets 
The rats were fed low lat, high carbohydrate powdered diets and drinking water, 
all available ad libitum In experiment I, diets 504, 520 and 540 were tested; in ex­
periment II, 504, 508, 516 and 540 (table I). The amount and frequency of food m-
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Table I Percentage composition of the diets 
Sucrose 
Wheat flour 
Skim milk 
Brewers yeast 
Gevral protein « (Lederle) 
Diets 
504 
4 
57 
32 
5 
2 
508 
8 
53 
32 
5 
2 
516 
16 
45 
32 
5 
2 
520 
20 
41 
32 
5 
2 
540 
40 
21 
32 
5 
2 
take of 2 rats on each diet was assessed during 3 periods of 24 h using a recording 
apparatus [KONIG, 1966J 
Inoculum 
Erythromycin resistant strains, Strep mutans OMZ176E originally isolated from 
human plaque [GUGGENHEIM, 1968] and Strep sanguis NylOlE originally isolated 
from rats, were cultivated in Brain Heart Infusion Broth (Difco) with 20/o glucose 
A. viscosas strain N y l , isolated from rats [VAN DER HOEVEN, 1974], was culti­
vated in Actinomyces Broth (BBL) The rats were orally inoculated with cotton 
swabs immersed in 8 h cultures of the streptococcal strains or 24-hour cultures of 
the actinomyces strain. The infection dose was about 10e colony-forming units. 
Strain NylOl was isolated from Osborne Mendel rats in our laboratories, and its 
characteristics were as follows, firm colony on Mitis Sahvanus agar, α-hemolysis, 
catalase negative, H 2 0 2 production, zooglea formation in sucrose broth, fermenta­
tion of glucose, galactose, mannose, trehalose, cellobiose, maltose, lactose, meli-
biose, raffmose, sahcin, escuhn and inulin, final pH in broth containing glucose pH 
5 5, no fermentation of glycerol, manmtol, sorbitol, xyhtol or xylose There was 
growth at 45 0 C , no growth in broth containing 6 5 or 4 00/ο NaCl and no growth 
after 30 mm at 60 0 C . These characteristics are similar to those of Strep sanguis 
group IA, as described by CARLSSON [1967] The erythromycin resistant variant 
NylOlE was selected on Mitis Sahvanus agar plates with increasing amounts of an­
tibiotic. 
Treatments 
The arrangement of treatments in the two experiments is shown in tables II and 
III The rats were marked individually, distributed at random among the treatments 
and housed, two in a cage, in cages with wire-mesh bottoms 
In experiment I, 60 weanling SPF rats, 21-22 days old, from 12 litters were 
treated The indigenous flora was suppressed by adding to the drinking water ery-
thiomycin lactobionate (Abbott, Belgium) 1,000 mg/1 during the first two days and 
100 mg 1 daily thereafter On experimental day 3 the rats of group В and D were in­
oculated with Strep sanguis NylOlE and the rats of groups С and E with Strep. 
іпшшп OMZ176E On day 5, groups D and E were supermoculated with OMZ176E 
and N>101F, respectively (table II) These rats of groups D and E were housed to­
gether, so <is to improve the establishment of both inoculated strains The experi­
mental period was 44 days 
In e\peiiinent II, 80 weanling rats, 20-23 days old, from 11 litters were inocu-
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Table II Experiment I arrangement of treatments 
Treatment 
group 
A 
В 
С 
D 
E 
Diet 
540 
520 
504 
540 
520 
504 
540 
520 
504 
540 
520 
504 
540 
520 
504 
First inoculated 
strain 
no 
no 
no 
NylOlE 
NylOlE 
N>101E 
OMZ176E 
OMZ176E 
OMZ176E 
N>101E 
NylOlE 
NylOlE 
OMZ176E 
OMZ176E 
OMZ176E 
Second inoculated 
strain 
no 
no 
no 
no 
no 
no 
no 
no 
no 
OMZ176E 
OMZ176E 
OMZ176E 
NylOlE 
NylOlE 
NylOlE 
η 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
η = Number of rats 
lated during day 1 and 2 with A viscoms Nyl On day 7 and 8, groups С and E 
were inoculated with Strep mutans OMZ176E and groups В and D were inoculated 
with Strep sanguis NylOlE On day 14 and 15, the rats of groups D and E were su-
pennoculated with OMZ176E and NylOlE, respectively (table III) These rats of 
groups D and E were housed together as in experiment I The experimental period 
was 54 days 
Sampling 
The rats were first tranquillized by sub-cutaneous injection of 20 «1 Haloanisone 
(Janssen Pharmaceutica Belgium) before plaque samples were taken during the ex­
perimental period, from the buccal and lingual surfaces of the lower jaws, by means 
of a plaque sampler This consisted of a hollow needle connected to a test tube and 
kept under low pressure by water suction (fig 1) At the end of each sampling pro­
cedure the sampler was drained with 5 ml sterile saline, giving 5 ml suspended 
plaque sample Samples were similarly taken at the termination of the experiment 
from the dissected lower jaws 
In experiment I one sample was taken from 4 rats in each group, on day 18, 29 
and 46, but no samples were taken from group A On day 54, at the end of the ex­
periment, 8 rats were sampled in groups A, D and E and 4 rats in groups В and С 
In experiment II one sample was taken from 3 rats in groups В and С and from 
6 rats in groups D and E on day 8, 11 and at the end of the experiment, on 
day 44 In group A, 3 rats were sampled at the end of the experiment only 
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Table ¡Il Experiment П arrangement of treatments 
Treatment 
group 
A 
В 
С 
D 
E 
Diet 
540 
516 
508 
504 
540 
516 
508 
504 
540 
516 
508 
504 
540 
516 
508 
504 
540 
516 
508 
504 
First 
inoculated 
strain 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Nyl 
Second 
inoculated 
strain 
no 
no 
ЛО 
no 
NylOlE 
NylOlE 
NylOlE 
NylOlE 
OMZ176E 
OMZITÓE 
OMZ176E 
OMZ176E 
NylOlE 
NylOlE 
NylOlE 
NylOlE 
OMZ176E 
OMZ176E 
OMZ176E 
OMZ176E 
Third 
incoculated 
strain 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
OMZ176E 
OMZ101E 
OMZI76E 
OMZ176E 
NylOlE 
NylOlE 
NylOlE 
NylOlE 
η 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
η = Number of rats 
Cultivation of Samples 
The plaque samples, suspended in 5 ml saline, were homogenized for 30 sec by 
ultra sonification with a Branson sonifier B12, at 75 Watt Portions (01 ml) 
taken from several tenfold dilutions were spread on blood agar plates and on Mitis 
Sahvanus agar plates (Difco) with and without erythromycin lactobionate (100 mg/ 
1) The plates were incubated for two days in 900/o N 2 and Ш/о C0 2 atmosphere at 
37 0 C. The total number of colonies was counted, using the plates containing 
100-800 colonies The colonies of strain Nyl were identified by their colony mor­
phology and the mucous colony consistency on blood agar The inhibition of the ery-
thromycin-sensitive flora components on Mitis Salivanus agar containing erythro­
mycin, allowed the counting of extremely low numbers of the labeled strains 
NylOlE and OMZ176E. 
The relative numbers of the inoculated strains were calculated for the total num­
ber of colonies counted on blood agar The average relative numbers were calculat­
ed from all samples taken during the experimental period 
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Holder 
PuTìp 
Fig 1 Plaque sampler 
Evaluation of Plaque and Canes 
After sacrifice the jaws were fixed in 4 % formalin Before removal of the soft 
tissues, plaque accumulations were scored according to the following procedure Af-
ter drying by exposure to air at room temperature for 1 h the jaws were stained by 
application of a 0 l0/o solution of brilliant green The plaque accumulations, easily 
revealed by the green stain, were scored under 16 times magnification using the fol-
lowing classification [KÖNIG, 1959] none (0), slight (1), moderate (2) and severe (3) 
A thin film, coating the gingival half of the buccal and lingual molar surfaces was 
scored as 'slight', localized areas of plaque were scored as 'moderate', and large 
amounts of plaque covering and incrusting the molars as a whole were designated as 
'severe' A plaque score was assigned to the upper and lower jaw separately 
After removal of soft tissues and plaque, the extension of smooth surface lesions 
was scored using KEYES' [1958] area units E Serial mesio distal sections of the non 
decalcified lower jaws were then prepared, mounted on slides and examined for fis-
sure lesions 
The 12 fissures of first and second molars were scored blind for canes as de-
scribed by KÖNIG [1966] After decoding the data, the severity of the lesion in the 
central and distal fissures was compared The data obtained were subjected to ana-
lyses of variance 
Results 
Weight Gains 
The composition of the diets and the kind and sequence of the inocula-
tions, had no effect on the weight of the rats at the end of the experi-
mental period (table IV) Both the amount and the frequency of food in-
take were almost the same on the different diets However, the diet with 
the lowest sucrose concentration showed the highest intake 
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Table IV. Experiment I and II. Daily food intake and average final weight per rat in grams, 
according to diet composition 
Diet 
504 
508 
516 
520 
540 
1 
M 
Food intal 
time, mm 
M SD 
269 ±68 
274±41 
250 ±58 
nt 
334 ± 6 5 
ke per day 1 
frequency 
M SD 
12.1 ±2.5 
8.1 ±2.4 
7.5±1.8 
nt 
9.3±1.9 
amount, g 
M SD 
15 ±3.4 
10.2±3.1 
И.8 ±4.9 
nt 
13.8±3.7 
Final weight per 
experiment I 
M SD n(<J) 
267 ± 4 4 24(10) 
nt 
nt 
286 ± 4 0 24(10) 
279 ± 4 2 24(13) 
rat 
experiment II 
M SD n(J) 
321 ± 5 6 24(11) 
298 ±61 24(10) 
298 ±62 24(13) 
nt 
281 ± 4 2 24(13) 
Results of six tests per diet. 
; = Mean, SD = standard deviation, n = number of rats, nt = not tested. 
Microorganisms in Experiment I 
Cultivation of the residual microflora of erythromycin treated rats 
showed a predominant gram-negative flora. No colonies resembling 
Strep, sanguis or Strep, mutans were observed. The average colony num­
bers and the average relative numbers of the inoculated strains according 
to inoculation and diet, are shown in table V. One sampled rat in group A 
was found to be contaminated with Strep, sanguis NylOlE. Contamina­
tion of group В with Strep, mutans OMZ176E and of group С with Strep. 
sanguis NylOlE was observed in all rats sampled at the end of the experi­
ment. 
The total colony numbers remained constantly low, being 105 com­
pared to 107 in experiment 11. The proportions of OMZ176E and 
NylOlE were found to be almost the same in all groups. No effect of the 
diet composition was observed on the percentages or on the ratios of the 
inoculated strains. 
Microorganisms in experiment ¡I 
Cultivation of the resident SPF plaque flora showed the presence of 
gram-positive cocci and rods. No colonies resembling A. viscosus, Strep. 
sanguis or Strep, mutans were observed. The average colony numbers 
and the average relative numbers of the inoculated strains are shown, ac-
cording to inoculation and diet, in table VI. All samples in group A and 4 
samples in group С were found to be contaminated with Strep, sanguis 
NylOlE. The establishment of Strep, mutans OMZ176E in group D 
seemed not to have been successful, because it could not be recovered 
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Table V. Experiment I. Relative numbers of Strep, sanguis NylOlE and Strep, mutans 
OMZ176E in plaque samples, according to inoculation and diet. Averages of samples 
throughout the experimental period 
Inoculation 
Treatment group 
A none 
В NylOlE 
С OMZ176E 
D NylOlE and 
OMZ176E 
E OMZ176E ancl 
NylOlE 
Diet 
504 
520 
540 
1
 Contaminant 
η 
3 
12 
12 
24 
24 
25 
25 
25 
η = Number of samples, 
NylOlE 
% 
M SD 
0.05 ! 
37 ±34 
^ ± 2 4 
34 ±28 
16±21 
21 ±29 
19±26 
22 ±28 
OMZ176E 
% 
M SD 
0 
6і±\2 
32 ± 3 2 
37 ± 2 8 
38 ± 3 3 
23 ± 2 9 
27 ± 3 4 
27 ± 2 7 
Ratio 
OMZ176E 
to NylOlE 
I.I 
2.2 
1.1 
1.4 
1.2 
M = mean, SD = standard deviation. 
Colonies 
sample x 
range 
2.9 -50 
0.01-24 
0.02-38 
0.01-38 
0.01-29 
0.02-29 
0.2 -38 
0.01-50 
per ml 
105 
median 
9.4 
6.3 
8.4 
4.9 
8.4 
5.8 
7.3 
3.0 
during the experiment. Only at the end of the experiment was OMZ176E 
found, in low numbers, in 3 out of the 8 sampled rats. The percentages of 
the inoculated strains and the ratios of OMZ176E to NylOlE were found 
to be unaffected by the composition of the diet. 
Plaque and Caries Scores in Experiment I 
The results and statistical analyses are presented in table VII and 
VIIIA and B. No effect of the diet composition on the amount of plaque 
was observed. Significantly fewer fissure lesions were found on diet 504 
(p F <0.01: table VIIIA 'diet' and VII). No effect of OMZ176E on the 
amount of plaque was observed in groups C, D and E. However, a signifi­
cantly higher number of smooth surface lesions was found, compared to 
group B, inoculated with Strep, sanguis NylOlE or to the control group 
A (p F <0.05: table VIIIA 'inoculation'). Also the numbers of fissures le­
sions were significantly higher in the groups inoculated with streptococci 
and especially in those inoculated with Strep, mutans OMZ176E 
(p F <0.01: table VIIIB comparison 1С, and IC2). 
The significant interaction between diet and inoculation is mainly the 
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Table VI Experiment II Relative numbers of A viscosas Nyl, Strep sanguis NylOl and Strep mutans 
OMZ176E in plaque samples, according to inoculation and diet Averages of samples throughout the ex­
perimental period 
Inoculation η Nyl, % NylOlE, % OMZ176E, % Ratio Colonies per ml 
M SD M SD M SD OMZ176E sample x IO7 
to NylOlE
 r a n g e median 
Treatment gr oup 
A Nyl, 
В Nyl, NylOlE 
С Nyl, OMZ176E 
D Nyl, NylOlE 
and OMZ176E 
E Nyl, OMZ176E 
and NylOlE 
8 
16 
16 
20 
20 
69±17 
66 ± 2 9 
81±15 
69±18 
75±15 
Diet 
504 20 75 ±22 
508 20 78 ±14 
516 20 66±20 
540 20 68 ±21 
1
 Contaminant 
2
 Isolated only at end of experiment 
η = Number of samples, M = mean, SD=standard deviation 
result of the fissure canes scores in group С (table ПІА and VII). 
The presence of OMZ176E and the sequence of inoculation had a sig­
nificant effect on the numbers of more severely decayed distal fissures 
(fig. 2) The high percentage of more severely deminerahzed central fis­
sures in the non-inoculated or Strep, sanguis NylOlE inoculated groups 
were due to the very low number of affected distal fissures. 
Plaque and Caries Scores in Experiment II 
The results and the corresponding analyses of variance are presented 
in tables IX and XA, В, С No influence of the diet composition on the 
amount of plaque was observed. There was a significant (pF<0.05) linear 
relationship between the sugar content of the diet and smooth surface 
canes and a highly significant linear correlation between the sucrose 
content of the diet and the number of fissure lesions (pF<0.001). 
Inoculation with both streptococcal strains m groups D and E resulted 
in significantly higher plaque scores compared to groups В and C, inocu-
O S ' i O S 
16 ± 1 4 
0 1 ^ 0 3 
20 ±19 
19 ±21 
11 ±12 
11 ±13 
20 ±27 
12 ±13 
0 
0 
3 ± 5 
(0 0 2 2 ± 0 07) 
1 ± 2 
1 ± 4 
1 ± 3 
0 2 ± 0 8 
1 ± 3 
(0 002) 
0 05 
0.1 
0 1 
0 01 
0 1 
0 8 -10 
0 05-26 
0 1 -38 
1.1 -18 
1 6 -76 
0 2 -76 
1 9 -29 
0 4 -31 
0 05-38 
5 4 
5 4 
4 9 
6 0 
4 2 
5 8 
5.0 
2 0 
4 2 
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Table VII Experiment I Average plaque scores (upper jaw) smooth surface canes scores 
(E units) and fissure caries scores (T lesions) per rat according to inoculation and diet 
Diet Treatment 
A 
-
Plaque scores 
504 
520 
540 
Total ' 
(n=12) 
1 0 
1 2 
1 0 
1 1 ± 0 3 
Smooth surface canes 
504 
520 
540 
Total 1 
(n = 12) 
0 0 
0 2 
0 0 
0 I ± 0 3 
Fissure caries 
504 
520 
540 
Total 1 
(n = 12) 
2 5 
1 5 
6 2 
3 4 ± 3 1 
group, inoculation and recovery2 
В 
Nyl01E* + 
1 5 
10 
1 2 
1 2 ± 0 7 
0 0 
0 5 
0 2 
0 2 ± 0 4 
3 2 
6 0 
6 5 
5 2 ± 2 3 
С D 
OMZ176E+* NylOlE-^ 
1 2 
1 2 
1 2 
1 2 ± 0 4 
0 2 
3 2 
2 2 
I 9 ± 3 I 
100 
9 0 
5 0 
8 0 ± 2 8 
1
 Averages and standard deviation are given, 
2
 Relative recovery 
* > 1 0 ^ 2 0 % 
is based on data in the 
OMZ176E+ + 
1 2 
1 8 
1 5 
1 5 ± 0 8 
0 2 
1 0 
1 2 
0 8 ± l 1 
6 2 
100 
7 2 
7 8 ± 2 8 
E 
OMZI76E' 
NylOIE* 
1 5 
1 5 
1 5 
1 5 ± 0 5 
0 2 
2 0 
1 2 
1 2 ± 2 3 
2 2 
9 0 
10 8 
7 3 * 3 9 
η = Number of rats 
+
 Total 1 
(n = 20) 
1 3 ± 0 4 
1 4 ± 0 6 
1 3 ± 0 7 
0 1 ± 0 4 
1 4 ± 2 4 
1 0 ± 2 1 
4 8 ± 3 4 
7 I ± 3 3 
7 1 ± 3 3 
upper part of table V • | J > 3 0 < 4 0 ° o , 
lated with either Strep ianguis NylOlE or Strep, mutans OMZ176E 
(ρ, < 0 01. table XB comparison IIC,). 
The number of smooth surface lesions was significantly lower in the 
groups inoculated with streptococci, than m the control group A 
( p ^ O 01· table XC comparison 1С,). It should be noted that the higher 
plaque scores in groups D and E were not accompanied by higher scores 
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Table VIH. Experiment I 
A. Analyses of variance of plaque and caries data 
Source of variation 
Treatments 
Diet 
Sucrose cone, linear comp. 
Inoculation 
Diet x moc. 
Remainder (error) 
Total 
Deg; ees of 
freedom 
14 
2 
1 
4 
8 
45 
59 
Plaque 
0.195 
0.015 
-
0.390 
0.142 
0.406 
Mean square 
smooth surface 
caries 
3.85 
8.15 
7.22 
6 561 
1.42 
3.68 
Fissure 
caries 
36.46*** 
34.52** 
5.29 
47.11** 
31.62*** 
0.68 
B. Orthogonal subdivisions of Inoculation sum of squares for fissure canes 
Treatment group 
NylOlE OMZI76E NylOlE OMZ176E 
OMZI76E NylOlE 
E 
Mean Sum of squares 
effect 
В D 
Fissure caries 
Sum 
Mean 
1 
Ci 
Сг 
Ca 
α 
Π 
Ci 
С» 
Сз 
41 
3.4 
+ 4 
- I 
63 
5.2 
- 1 
+ 3 
- 1 
+ 1 
96 
8.0 
-ι 
- 1 
+ 2 
- 1 
- 1 
94 
7.8 
- 1 
- 1 
-ι 
+ 1 
+ 1 
+ 1 
88 
7.3 
- 1 
-ι 
- 1 
- 1 
+ 1 
- 1 
-14.7 
- 7.5 
+ 0.9 
+ 0.5 
+ 1.9 
- 2.8 
+ 0.5 
130.54*** 
55.01** 
1.39 
1.50 
11.02 
45.38** 
1.50 
1
 Although 'inoculation' was not significant the orthogonal subdivision revealed a 
significant higher smooth surface canes score in the groups C, D and E compared to group 
A or В (p i- 0.05). * * p F ~ 0 01 *** pi-· 0.001. 
of smooth surface or fissure lesions (table IX). 
The distribution of lesions is shown in figure 3. In all groups there was 
a tendency for an even distribution of lesions between central fissures and 
distal fissures of the first and second lower molars. 
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Table IX. Experiment II. Average plaque scores (upper jaw), smooth surface canes scores 
(E units) and fissure canes scores (T lesions) per rat, according to inoculation and diet. 
Diet Treatment group, inoculation and recovery2 
А В С D E 
Nyl + + + Nyl + + + Nyl + + + Nyl + + + Nyl + + + Total 1 
N y l 0 1 E + + OM2176E+ N y l 0 1 E + + OMZ176E+ η = 20 
OMZ176E± N y l 0 1 E + + 
Plaque scores 
504 1.2 
508 1.5 
516 1.2 
540 1.8 
1.5 
1.0 
1.5 
2.0 
1.5 
1.8 
1.5 
1.0 
2.0 
1.8 
1.8 
2.2 
2.0 
2.5 
2.0 
2.5 
1.6 ±0.7 
1.7 ±0.8 
1.6 ±0.5 
1.9 ±0.7 
Total 1 
η = 16 
1.4±0.6 1.5±0.6 1.4І0.5 1.9±0.7 2.2 ±0.7 
Smooth surface caries 
504 7.8 
508 4.8 
516 7.0 
540 12.0 
0.0 
2.0 
3.8 
6.5 
8.2 
6.0 
11.5 
4.5 
2.2 
1.2 
3.5 
2.2 
0.8 
7.5 
3.8 
6.8 
3.8 ±4.6 
4.3 ±3.9 
5.9 ±4.6 
6.4 ±5.4 
Total 1 7.9 ±5.4 
η = 16 
3.1 ±4.3 7.6 ±3.8 2.3 ±2.7 4.7 ±4.3 
Fissure caries 
504 3.0 
508 4.2 
516 6.8 
540 8.2 
4.8 
4.0 
6.0 
8.2 
1.8 
3.5 
4.2 
9.2 
2.0 
4.0 
4.2 
8.0 
2.0 
5.5 
4.5 
8.2 
2.6 ±2.2 
4.2 ±2.6 
5.4±2.8 
8.4±3.2 
Total 1 5.6 ±3.2 
η = 16 
5.8 ±2.8 5.0±3.8 4.6 ±3.7 4.9±3.5 
1
 Averages ± standard devitations 
η = number of rats 
2
 Relative recovery based on data in upper part of table VI. 
+ + + > 6 0 % 
+ + > 1 0 < 2 0 % 
+ > К 10% 
± < 1 % 
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Table X Experiment Π 
A Analyses of variance of plaque and canes data 
Source of variation Degrees оГ 
freedom 
Plaque Mean square 
smoolh surrace 
canes 
44 77«* 
31 67 
88 36* 
103 42·* · 
28 65 
16 47 
Fissure 
canes 
22 00** 
119 75·* · 
345 96**· 
3 70 
3 67 
8 86 
Trcaimenls 19 
Diet 3 
Sucrose cone > 1 mear comp 1 
Inoculation 4 
Diet χ moc 12 
Remainder (error) 60 
Total 79 
0 625 
0 347 
0 422 
2 142* 
0 232 
0 433 
В Orihogondl subdivisions of inoculation sum ofsquarcs Γοι plaque 
Treatment group 
Nyl N>1 Nvl N>1 Nyl 
N>I0IE OMZI76E N>I0IE OMZ176E 
OMZ176E NylOlE 
A B C D t 
Mean 
effect 
Sum of squares 
Plaque 
Sum 
Mean 
Ci 
C 2 
α 
с, 
II 
Ct 
С : 
Сз 
23 
I 4 
+ 4 
24 
I 5 
-, 
т З 
- I 
+ 1 
23 
1 4 
- 1 
- 1 
- 2 
- 1 
- 1 
31 
1 9 
- 1 
- 1 
- 1 
+ 1 
+ 1 
- 1 
36 
2 2 
- 1 
- 1 
- 1 
- 1 
+ 1 
- I 
- 1 4 
- 1 0 
- 1 3 
- 0 3 
+ 1 2 
+ 0 1 
- 0 3 
1 51 
1 69 
4 59** 
0 78 
6 2 5 · * 
0 03 
0 78 
С Orthogonal subdivision of inoculation sum of squares for smooth surface canes 
Treatment group 
А 
В 
Smooth surface canes 
Sum 
Mean 
с 
Сг 
Сз 
C4 
l i 
с, 
Сг 
Сз 
126 
79 
+ 4 
49 
3 1 
- 1 
+ 3 
- 1 
+ 1 
с 
121 
7 6 
- 1 
- 1 
+ 2 
- 1 
- 1 
D 
37 
23 
- 1 
- 1 
- 1 
+ 1 
+ 1 
+ 1 
E 
75 
4 7 
- 1 
- 1 
- 1 
- 1 
+ 1 
- I 
Mean 
effect 
+ 139 
- 53 
+ 8 2 
- 2 4 
- 3 7 
- 4 5 
- 2 4 
Sum of squares 
154 0 · · 
38 5 
176 0** 
45 1 
52 6 
162 0 · · 
45 1 
• P F ' 005 "pi-^OOI * · · Ρ Γ - 0001 
central > d ista l 
— 
l i l i 
c = d central < 
35 ^ ^ ^ ^ m 
17 1 
1 
distal 
ι 
Treatment 
gro jo 
С 
E 
D 
В 
A 
Inoculation 
OVIZ'VSE 
0Μ2176Ε Ny 101 E 
NylOlE OM2-76E 
Ny ICI E 
Control 
80 60 40 20 7. 20 40 60 80 
Ftg. 2. Comparison of central and distal fissure lesions in erythromycin-treated 
rats, experiment I. 
80 
central > dismal c = d 
^ ™ 
— 
ш я л 
^™ 
— 
60 40 20 
50 
28 
37 
27 
32 
°U 
central<distal 
^ ^
m 
" • " 
20 40 60 
Treatment 
group 
С 
E 
D 
В 
А 
80 
Inoculation 
Ny l , OMZ176E 
Nyl OMZ176Eand 
Ny 101 E 
Mvl NytOl E and 
OMZ176E 
Nyl NylOlE 
Nyl (control) 
Fig 3 Comparison of central and distal fissure lesions in SPF rats, experiment II 
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Discussion 
Bacteriological Data 
In all experiments where bacterial strains are inoculated into non-
germ-free animals it is necessary to assess how much of the indigenous 
flora has been replaced by the superinoculated test strains. In the plaque 
samples of the superinoculated SPF rats, about 85% of the cultivated flo­
ra consisted of A. viscosas Nyl and the inoculated streptococci. In the er-
ythromycin-treated rats, only 50% of the cultivated plaque flora was com­
posed of the inoculated streptococci and the total numbers of colonies per 
sample were significantly lower. Also the amount of plaque was signifi­
cantly lower in the erythromycin-treated rats. The technique for obtaining 
plaque is not claimed to give a total recovery. Deficiencies in the sam­
pling and cultivation method could account for the wide variations in the 
bacteriological data. 
Sucrose Concentration of the Diet 
The amount of sucrose in the diet influenced neilhcr the quantity of 
plaque, nor the proportions of the inoculated strains. However, a signifi­
cant positive correlation between the sucrose concentration of the diet 
and the incidence of fissure and smooth surface caries was found. This re­
sult is in agreement with earlier findings of GUSTAI-SON et al. [1953] and 
GLGGCNHUM et al. [1966]. No differences in eating patterns have been 
observed in the present investigations. This implies that the interrelation 
between ihe sucrose content of the diet and caries was the result of differ­
ences in amount and duration and not of frequency of acid production of 
the plaque on the different diets. These differences in acid production 
seem to have no effect on the proportions of the inoculated streptococci, 
indicating that differences in acid resistance between Strep, mutans and 
Strep, sanfiiiis [Μικχ, 19711 did not affect the results in these experi­
ments. 
Plaque and Caries 
In botli experiments no correlation was lound helvveen plaque score 
and smooth surface canes scores. The absence of a positive correlation 
between plaque and canes is in accordance with the lindmgs of REGOLATI 
et al [1972]. The results do not support the hvpoihesis of SIRALFORS 
[1950] and Скігсшіл [1970] who assumed the thickness of plaque to be 
an impoit.mt parameter in the canes process. The miciobial composition 
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rather than the gross amount of plaque seems to be responsible for its car-
iogenic potential. 
Interactions between Plaque Bacteria 
Strep, mutans OMZ176E significantly increased smooth surface caries 
in the erythromycin treated rats, while in the SPF rats no such effect of 
OMZ176E was observed. However, OMZ176E has played a role in the 
SPF rats since the non-establishment of this strain resulted in a lower 
smooth surface caries score in group D than in group E. These differences 
in effect of Strep, mutans in erythromycin-treated and SPF animals can 
be explained by the fact that depression of the indigenous flora eliminates 
the gram-positive competitors while in the SPF rats the indigenous flora 
and the pre-inoculatcd A. viscosus Nyl strain are in competition with the 
implanted strain. Strep, sanguis NylOlE has shown to be successful in 
this competition since a significant reduction of the smooth surface caries 
was found in SPF rats inoculated with NylOlE. 
Comparable canes inducing and reducing effects have been observed 
by VAN DER HOEVEN et al. [1972, 1974] and REGOLATI et al. [1972], and 
are interpreted to be a consequence of unknown bactenal interactions. 
The most obvious interaction observed in the present expenments has 
been the non-estabhshment of Strep, mutans OMZ176E in the SPF rats 
pre-inoculated with A. viscosus Nyl and Strep, sanguis NylOlE. In spite 
of the inoculation with OMZ176E, the sucrose content of the diet and the 
presence of a cage companion carrying OMZ176E, Strep. mutansOMZlToE 
was not recovered during the experimental period in treatment group D. 
At the end of the experiment OMZ176E was recovered in very low num-
bers in only 3 rais which may have been a cultivation of transient mi-
croorganisms originating from the cage companion carrying OMZ176E. 
It is not impossible that this phenomenon is due to inadequate homogeni-
zation and a failure to culture the organism. However, m the samples of 
other inoculation groups the same difficulties should have been encoun-
tered. It would be useful in further experiments to prove the absence of a 
non-recovered strain by treating plaque samples with a fluorescent anti-
serum. 
If we assume that Strep, mutans did not colonize, the following ex-
planation may be possible. It is most probable that the primary coloniza-
tion of Strep, mutans OMZ176E has been affected rather than its prolif-
eration, since proliferation was found in the treatment group differing 
only in the order of inoculation. The inability of Strep, mutans 
OMZ176E to colonize seems to arise from the interaction of Strep, san-
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guis NylOlE and A. viscous Nyl, because OMZ176E colonizes rats in-
oculated with Nyl or Nyl OIE only. The resistance against OMZ176E 
emphasizes the importance of the indigenous microbiota in the establish-
ment of super-inoculated strains. Similar antagonisms might have played 
a role in the non-establishment of Strep, mutans in humans [CARLSSON 
el al., 1970; JORDAN et al, 1972]. 
Strep, mutans and Distal Fissure Lesions 
Strep, mutans OMZ176E was found to induce smooth surface and fis-
sure caries lesions in the crythromycin-treated rats. The induction of fis-
sure caries in these rats by OMZ176E, was mainly due to the deminerali-
zation of the distal fissures. The predominant demineralization of smooth 
surfaces and shallow distal fissures [KÖNIG, 1963] by Strep, mutans has 
also been observed by KÖNIG et al. [1965] and GUGGENHEIM et al. 
[1966]. Strep, mutans seems to be mainly operational on the smooth sur-
faces and the distal fissures. In the present experiments, the more Strep. 
mutans OMZ176E was favoured by the mode of inoculation, the higher 
were the numbers of more severely decayed distal fissures. The cariogen-
icity of Strep, mutans OMZ176E in the distal fissures is lowered in com-
petition with Strep, sanguis NylOlE or other organisms. The changes of 
the central:distal ratio of fissure decay are so consistent that they may be 
regarded as an indicator of the ecological activity of Strep, mutans in the 
oral cavity. This indicator may have considerable value in the investiga-
tion of certain ecological aspects of the plaque microflora until suitable 
micro-sampling methods in the oral cavity can be routinely applied. 
Conclusions 
The different effects of the inoculated strains on central fissures and 
smooth surfaces support the hypothesis that fissures represent an ecosys-
tem, differing from that of Smooth surfaces of the teeth [THEILADE et al., 
1973]. In terms of plaque and caries control the results indicate that in 
the caries process the amount of sucrose in the diet is of great influence 
and that the amount of plaque is less important than its microbial compo-
sition. 
The observed colonization resistance against Strep, mutans could be 
utilized in further work directed toward the composition of a plaque flora 
consisting of non-cariogenic microorganisms. 
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The Establishment and Symbiosis of Actinomyces viscosas, 
Streptococcus sanguis and Streptococcus mutans in 
germfrce Osborne Mendel rats 
F H M MIKX, J S. VAN DER HOEVEN, A J M PLASSCHAERT and К G KONIG 
Institute of Preventive and Communitv Dentistry, Universit) of Nijmegen, 
Nijmegen, The Netherlands 
Abstract The effect of the inoculation sequence of A viscosus Nyl and Strep sanguis NylOl on 
the establishment οι Strep mutans OMZ 176E was investigated in germlree rats on diets with 
different sucrose concentrations Pooled plaque samples and samples from selected smooth 
surfaces and fissures showed an inhibition of the establishment of Strep mutans OMZ 176E in 
the rats pre-inoculated with A viscosas Nyl and Strep sanguis Ny 101 However, Strep mutans 
OMZ 176E was finally established in all animals The proportion of Strep sanguis NylOl in the 
fissure samples was found to be also affected by the inoculation sequence The effect of the 
inoculation sequence on the establishment and proportions of the inoculated streptococci was 
concluded to be the result of competitive exclusion In this competition Strep sanguis NylOl 
was favored on the smooth surfaces 
The sucrose content of the diets had no effect on the bacterial interactions. It can be 
concluded that the establishment and proportions of specific microorganisms in the microbial 
communities on the teeth are affected by the sequence of introduction of these organisms in the 
oral cavity 
Introduction 
The establishment of microorganisms in the oral cavity has been ascribed to 
species-specific factors like dextran production (Wood and Cntchley, 1966), 
aggregation with other oral organisms (Gibbons and Nygaard, 1970) and ad­
herence to oral surfaces (van Houte et al., 1971). 
The establishment of Strep, sanguis and Strep, mutans in the oral cavity 
is related to the presence of teeth (Carlsson et al., 1969, 1970) and is influenc­
ed bij the compatibility with the resident microflora (Keyes and Fitzgerald, 
1962) and the composition of the diet (Krasse, 1965). 
The establishment ot Strep, mutans in specific pathogen free (SPF) rats 
was found to be affected by the pre-inoculation of A. viscosus and Strep 
sanguis. Pre-inoculation of one of both strains had no effect on the establish-
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ment of Strep, mutans in SPF rats (Mikx et al., 1974) or gemi free rats (v.d. 
Hoeven et al. 1974). 
The effect of the inoculation sequence of A.viscosus Nyl and Strep. 
sanguis Ny 101 on the establishment of Strep, mutans OMZ 176E was 
investigated in germfree Osborne Mendel rats. Samples from different tooth 
sites were taken, according to Huxley (1972), to investigate the local micro­
bial communities. 
Material and methods 
Animals 
Germfree Osborne-Mendel rats, 23 days old, were individually marked and 
the litters distributed at random over the treatments in all experiments. 
Diets 
The rats were fed powdered diets as described by Mikx et al. (1974). In 
experiment I, diet 500 without sucorse, in experiment II, diet 540 with 40% 
sucrose and in experiment III, diet 516 with 16% sucrose were used. Other 
medium components were: wheat flour 61, 21 and 45% respectively, skim 
milk powder 32%, Gevral protein (Lederle) 2%, brewers yeast 5% and a vita­
min mixture according to Gustafson (Luckey 1963, p. 494). The diets were 
sterilized bij y irradiation (2.5 Mrad). 
Inoculum 
A.viscosus Ny 1 was cultivated in Actinomyces Broth (BBL). Strep, sanguis 
Ny 101 and Strep, mutans OMZ 176E werd cultivated in Brain Heart 
Infusion broth (Difco) with 2% glucose. The rats were orally inoculated by 
means of a syringe with 0.1 ml of 18 h cultures. The inoculation dose was 
about 10e colony-forming units (cfu). The inoculation sequence and intervals 
between the inoculations are shown in table I. 
Sampling 
The rats were sacrificed for sampling on different experimental days (Table 
I). The experimental period lasted 43 days in experiments I and II and 24 
days in experiment III. 
In experiments I and II, samples were taken from the left maxilla by-
exposing the jaw segment in 5 ml Brain Heart Infusion (Difco) to ultra-soni-
fication for 30 sec at 75 Watt, with a Branson sonifier В 12. 
In experiment III, samples were taken from the maxilla as in experiment I. 
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Table I. Kxpcriment I, II and III. Diets, inoculation sequence and sampling diagram. 
hxpenmenlal 
day 
1 and 2 
4 and 5 
7 and 8 
10 
12 
16 
43 
Lxpcnment I 
Diet 500 
Group A Group В 
Inoculated strains' 
Nyl Nyl 
OMZ176L· NylOl 
NylOl OMZ176F 
Number of rats sampled 
2 2 
2 2 
2 2 
4 4 
Experiment 
Diet 540 
Group Л 
Nyl 
OMZ176h 
NylOl 
4 
4 
4 
4 
11 
Group В 
Nyl 
NylOl 
OMZ176E 
4 
4 
4 
4 
Experiment HI 
Diet 516 
Experimental 
day 
1 and 2 
5 and 6 
9 and 10 
12 
15 
17 
19 
24 
Group A Group В 
Inoculated strains 
Nyl Nyl 
OMZ176E NylOl 
NylOl OMZ176E 
Number of rats sampled 
A vtscosus Nyl, Strep mutans OMZ 176E and Slrep sanguisSylOl 
Plaque was collected with a dental scaler from the mesial surface on the 
left first mandibular molar and from the mesial (Fl) and central (F2) fissure 
ofthat molar, after splitting the fissures with a scapel (Huxley, 1972). The 
plaque samples were homogenized by ultrasonification for 30 sec at 75 
Watt, in 2 ml saline. 
Aliquots of 0.1 ml of different dilutions were spread on blood agar and on 
Mitis Salivarius agar (Difco) with 0.01% erythromycin lactobionate (MSE 
agar). The colony-forming units (cfu) were counted after incubation for 48 h 
at 370C in 90% N2, 5% H 2 and 5% C 0 2 atmosphere. The cfu of all strains 
were counted on blood agar plates and the presence of Strep, mutans OMZ 
176E in low numbers was checked in MSE agar plates. 
Evaluation of plaque and caries 
Plaque, smooth surface and fissure caries were each scored according to 
Keyes( 1958) and König (1959 and 1966) as previously described (Mikx et al., 
1974). 
Results 
Recoven' of microorganisms in experiments I and II 
The average proportions of the inoculated strains in the maxilfa samples, 
taken at different experimental days, are shown in table II. The average 
number of cfu per sample, was in the same order in all groups, about 107. In 
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Table Π Average proportions of the inoculated strams, Actmomyces vistosus Nyl, 
Streptococcus mutans OMZ176E and Streptococcus sanguis NylOl in maxilla samples of 
experiments 1 and II 
Txpenment I diet 500 
Expen- Inoculation sequence Inoculation sequence 
mental Nyl, OMZ176h and NylOl Nyl, NylOl and ÜMZ176I 
day η Group A η Group В 
Nyl(%) Nyl01(%)OMZ176E<%) Nyl(%) Nyl01(%) OMZ176L(%) 
M SD M SD M SD M SD M SD M SD 
10 2 49 ± 8 50 ± 6 0 5±0 4 
12 2 52 ± 1 8 42 ± 2 0 6 1±2 2 
16 1 76 23 0 6 
43 4 5 7 ± 6 32± 10 11 ± 1 0 
2 
2 
2 
4 
68 ± 
45 ± 
77 ± 
65 ± 
7 
2 
8 
7 
32 ± 
55 ± 
23 ± 
34 ± 
7 
2 
8 
8 
0 
0* 
0 005 ±0 003 
18 ± 1 1 
Total 9 56 ± 1 1 37 ± 1 3 6 3±7 9 10 59 ± 2 0 35 ± 13 0 7 +11 
Average cfu (1 Oitì 7)\10 per sample Average efu (1 3±1 2)xl0 per sample 
Experiment II diet 540 
Lxpen- Group A 
mental Nyl(%) 
day η M SD 
10 4 52 + 31 
12 4 64 + 12 
16 4 53 ± 2 7 
43 4 28 ±25 
Nyl01(%)OMZ176E(%) 
M SD M SD η 
19 ±27 29 ± 2 6 
29 ± 1 1 7 ± 6 
43 ± 3 0 4 ± 3 
42 ±27 14 ± 7 
4 
4 
4 
4 
Group В 
Nyl(%) 
M SD 
44 ± 1 1 
50 ± 1 2 
60 ± 1 3 
44 ± 1 9 
Nyl01(%)OMZ176I(99 
M SD M SD 
56 ± 1 1 0* 
57 ± 9 0* 
40 ± 1 3 0* 
54 ± 1 8 2 6 ±3 1 
Total 16 49 ± 2 6 37 ± 26 14 ± 16 16 47 ± 14 52 ± 1 3 0 6 ± 1 8 
Average ctu (1 1±1 2)x l0 7 per sample Average cfu (1 0±0 9)xl0 per sample 
* one sample positive < 0 001% 
M = mean 
SD = standard deviation 
η = number ot samples 
both experiments Strep, mutans OMZ 176E was found to be present in all 
rats inoculated first with Strep, mutans OMZ 176E upon A.viscosus Nyl 
(group A), while Strep, mutans OMZ 176E was not recovered in the rats 
previously inoculated with A.viscosus Nyl and Strep sanguis NylOl (group 
B) in the first experimental period. At the end of the experiments the propor­
tions of Strep, mutans OMZ 176E in group В were found to be increased to 
about 1.8% in experiment I and 2.6% in experiment II. 
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The proportions of Strep, sanguis NylOl in experiment II were signifi­
cantly lower in the rats inoculated with Strep, sanguis at first strain (group 
A) than in those rats inoculated with Strep, sanguis as second strain (group 
B)P t <0.001. 
The proportions of A.viscosus Nyl were not affected by the inoculation 
sequence. 
Recoven' of microorganisms in experiment III 
The average proportions of the inoculated strains in the maxilla, mesial 
surface and fissure plaque samples, are shown in table III. The number of 
samples refers to the actual number used for calculation of the proportions. 
Several samples were useless because of inadequate dilution or infection of 
the plates. The average numbers of cfu were about 102 times higher in the 
samples of the maxilla than in the mesial surface plaque and fissure 
samples. 
In the first experimental period, Strep, mutans OMZ 176E was not 
recovered from the mesial surface samples of the rats previously inoculated 
with Avwcosws Nyl and Strep, sanguis NylOl (group B) while in the maxilla 
samples of this group and sometimes in the fissure samples Strep, mutans 
OMZ 176E was recovered in very small proportions. The proportions of 
Strep, mutans OMZ 176E in group В increased during the experimental 
period in all sampling sites. In the rats inoculated with Strep, mutans OMZ 
176E before Strep, sanguis NylOl the proportions of Strep, mutans OMZ 
176E were significant higher than in the rats inoculated in the opposite 
sequence (group A versus B, table IV). Within both groups the proportions 
of Strep, mutans OMZ 176E were higher in the fissure samples than in the 
mesial surface samples, the mesial fissure samples of group В being an 
exception (table IV). 
Strep, sanguis NylOl was found to be established in all sampling sites in 
both inoculation groups. No differences in proportions were observed 
between the mesial plaque samples of both groups (table IV). However in the 
maxilla and fissures samples the proportions of Strep, sanguis NylOl were 
found to be significantly lower in the rats pre-inoculated with AVÍ'JCOSMS Nyl 
and Strep, mutans OMZ 176E (group A versus B, table IV). Within inocu-
lation group A the proportions of Strep, sanguis NylOl were lower in the 
fissure samples than in the mesial surface samples (p < 0,01) whereas the 
opposite was observed in inoculation group B. 
A.viscosus Nyl was found in the samples of all investigated sites in both 
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Table III Experiment III Average proportion of the inoculated strains in samples of 
maxilla, smooth surface and fissure plaque 
Experi­
mental 
day 
Inoculation 
Nyl,OMZ176EandNyl01 
η Group A 
Nyl(%) 
M SD 
Maxilla samples 
12 
15 
17 
19 
24 
4 44 ± 2 0 
4 3 2 ± 1 2 
4 16 ± 5 
4 28 ± 1 2 
3 25 ± 6 
η 
Nyl01(%)OMZ176E(%) 
M SD 
34 ± 9 
4 4 + 6 
49 + 33 
52 ± 1 0 
56 ± 5 
M SD 
33 ± 2 4 
23 ± 6 
34 ± 3 3 
20 ± 3 
19 ± 6 
4 
4 
4 
4 
3 
Inoculation 
Nyl .NylOl andOMZ176E 
Group В 
Nyl(%) 
M SD 
31 ± 5 
41 ± 1 0 
14 ± 9 
48 ± 2 0 
22 ± 6 
Nyl01(%)OMZ176E(%) 
M SD 
69 ± 5 
58 ± 1 0 
80 ± 7 
48 ± 2 0 
67 ± 1 4 
M SD 
0 09±0 1** 
0 5 ± 0 6 
3 5 ±2 4 
2 9 ±2 9 
11 ± 8 2 
Total 19 26 ± 1 4 47 ± 1 7 26 ± 1 8 
Average cfu (3 6±1 l )x l0 per sample 
19 32 ± 1 6 64 ± 1 6 3 2 ±4 8 
Average cfu (10±3 7)xl0 per sample 
Mesial surface samples 
12 
15 
17 
19 
24 
3 
2 
-
4 
1 
78 ± 2 3 
45 ± 2 3 
-
39 ± 3 8 
62 
13 ± 1 9 9 5±8 3 
49 ± 26 5 4±3 9 
-
20 ± 2 6 41 ±45 
2 3 36 
2 98 ±0 2 2 2+0 3 0 
3 74 ± 2 1 26 ± 2 2 0 
2 48 ± 6 47 ± 10 4 0 ±3 5 
2 69 ± 26 23 ± 29 6 7 ±2 5 
2 78 ± 2 2 2 6± 3 19 ± 2 6 
Total 10 54 ± 3 1 22 ± 2 5 24 + 32 11 73 ± 2 2 21 ± 2 2 5 4 ± 1 1 
Average cfu (1 9±2 2)xl0 per sample Average cfu (3 7±5 8)xl0 per sample 
Mesial fissure samples Fl 
12 
15 
17 
19 
24 
3 
4 
3 
4 
4 
23 ± 3 7 
18 ± 3 4 
5 1 ± 2 1 
1 2 ± 1 1 
19 ± 1 4 
2 6±1 1 
7 0±6 3 
4 5±4 9 
18±3 4 
2 8±5 5 
74 + 36 
74 ± 4 0 
44 ± 2 6 
86 ± 1 4 
78 ± 1 6 
4 
4 
4 
4 
4 
57 ± 7 
54 ± 3 3 
48 ± 2 4 
47 ± 2 2 
29 ± 4 3 
42 ± 6 
46 ± 3 3 
45 ± 2 1 
35 ± 1 2 
50 ± 3 4 
4 3* 
0 2* 
7 ± 1 3 
17 ± 1 3 
19 ± 2 1 
Total 18 24 ± 26 3 8±4 6 72 ± 28 20 47 ± 28 44 ± 22 9 ± 14 
Average cfu (1 9±1 2)xl0 per sample Average cfu (3 5±2 0)xl0 per sample 
Central fissure samples F2 
12 
15 
17 
19 
24 
2 
4 
4 
4 
1 
29 ± 4 0 3 1±2 9 
59 ± 7 8 4±5 2 
17 ± 5 3 7±2 5 
5.2± 2 2 1+2 4 
37 0 
67 ± 4 3 
33 ± 3 
8 0 + 7 
93 ± 2 
63 
4 76 ± 2 1 22 ± 1 9 1 2 ±4 2** 
4 48 ± 2 5 51 ± 2 5 0 5* 
4 29 ± 15 37 ± 30 34 ± 32 
4 28 ± 1 9 38 ± 2 1 33 ± 4 0 
2 12 ± 1 6 28 ± 1 2 59 ± 5 
Total 15 28 ± 24 4 2±4 1 68 ± 27 
Average cfu (2 1±1 бЭхЮ4 per sample 
18 42 ± 2 8 36 ± 2 3 22 ± 3 0 
Average cfu (1 3±0 9)xl0 per sample 
* 1 sampled rat positive 
** 2 sampled rats positive 
M = mean 
SD = standard deviation 
η = number of samples 
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Table IV Experiment III. The significance level of probability (P) of the differences in 
proportions of the recovered strains using the Wilcoxon sum (Bliss, 1967) 
Comparison between inoculation groups A and В 
Mesial Central 
Strain Maxilla Mesial surface fissure F l fissure F2 
A vs. В A vs В A vs. В A vs. В 
OMZ 176L· 0 0 1 ( + ) 0 0 5 ( + ) 0 01 (+) 0.01 (+) 
NylOl 0.01 (-) ns O O l ( - ) 0 01 (-) 
Nyl ns 0.01 (-) 0.01 (-) 0 0 1 ( - ) 
Comparison between fissure samples and mesial surface samples 
Group A Group В 
Strain F l 1 vs MS 3 F 2 2 vs MS Fl vs. MS F2 vs. MS 
OMZ176E 0.01 (+) 0 0 1 ( + ) n.s 0.01 (+) 
NylOl 0.01 (-) 0 0 1 ( - ) 0.01 (+) 0 0 1 ( + ) 
Nyl 0 0 1 ( - ) 0.01 (-) 0.01 (-) 0.01 (-) 
ns = not significant (p>0.05) F l = mesial fissure sample 
(+) positive difference F2 = central fissure sample 
(-) negative difference MS = mesial surface samples 
inoculation groups. The relative amounts oïA.viscosus Nyl were found to be 
lower in the rats inoculated with Strep, mutans OMZ 176E before Strep. 
sanguis NylOl (group A versus B, table IV). In both inoculation groups the 
proportions of A.viscosus Nyl in the fissure samples were lower than in the 
mesial surface samples (p <0.01). 
Evaluation of plaque and caries 
In experiment I no difference in plaque and caries score was observed 
between both inoculation groups (Table V). 
In experiment II the number of fissure lesions were significantly higher 
when Strep, sanguis NylOl was inoculated first (group B) than when Strep. 
mutans OMZ 176E was inoculated first upon A.viscosus Nyl (group A, 
p t<0.05). 
The number of fissure caries lesions were significantly higher on the 
sucrose diet 540 in experiment II, than on diet 500 without sucrose in experi-
ment I (table V). 
In experiment III no differences were observed in plaque and caries 
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Table V Mean and standard deviation of plaque and caries score of 4 rats in experiment 
I, II and III 
Diet 
Experimental 
period 
Experiment I 
500 
43 days 
bxpenment II 
540 
43 days 
Lxpenmcnt 111 
516 
24 days 
Inoculation Nyl Nyl Nyl Nyl Nyl Nyl 
sequence OMZ176E NylOl OMZ176L· NylOl OMZ176I NylOl 
NylOl OMZ176E NylOl OMZ176E NylOl OV1Z176L 
Group А В А В A В 
M SD M SD M SD M SD M SD M SD 
Plaque 
Smooth surface 
canes 
Fissure canes 
A-lcuons 
T-lesions 
M = mean 
2 2±0 5 
0 
3 5±1 2 
15±1 3 
2 5±0 5 
0 
3 5±10 
1 2±1 2 
2 2±0 5 
1 0±2 0 
5 7±2 5 
3 2±1 7 
2 5 ± 0 5 
0 5±1 0 
8 0±1 2 
5 512 5 
0 7+0 5 
0 
4 2±1 2 
2 7±10 
1 0±0 8 
0 
4 2±1 0 
2 0±0 0 
SD = standard deviation 
scores between both inoculation groups or in severitj of decay between the 
mesial and central fissures. 
Discussion 
Most authors have studiedthe bacterial composition of dental plaque in rats 
by the means of pooled plaque samples. These samples are collected either 
by grinding the teeth (Macdonald et al. 1959) by swabbing (Guggenheim, 
1965) or by suction (Mikx et al., 1974). The variation in the bacterial popula­
tion of different areas of the teeth may restrict the validity of the use of 
pooled plaque samples in the study of bacterial interactions. Pooled plaque 
samples may give the misleading impression of symbiosis of bacteria origi­
nating from distinct different areas. 
Huxley (1972) introduced a method for obtaining plaque from different 
areas of the rat molars. This method was used in the present study and signi­
ficant differences were observed between the sampled areas. However, the 
overall results of selected samples were not different from those of pooled 
samples. 
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At all sampled sites an inhibition of the establishment of Strep, mutans 
was observed in the first experimental period. This inhibition was only found 
in the rats pre-inoculated with A.viscosus and Strep, sanguis. However, the 
inhibition of Strep, mutans was not as absolute as previously observed in 
SPF rats (Mikx et al., 1975). The presence of a resident microflora in the 
SPF rats might have supported the resistance against Strep, mutans in these 
animals. 
The sucrose content of the diet had no influence on the establishment. 
The inhibition of Strep, mutans by A.viscosus and Strep, sanguis seems 
to be the result of competition by indirect interference and not of the produc­
tion of an antibacterial substance (v.d. Hoeven et al., 1974) because: 
1) Strep, mutans was finally established in all animals and its proportion 
increased during the experimental period, and 2) pre-inoculation of Л. ксо-
sus and Strep, mutans influenced negatively the proportion of Strep. 
sanguis. 
The latter effect was not previously observed in SPF rats, however this could 
have been obscured by the use of pooled plaque in that experiment (Mikx 
etal., 1974). 
It was shown that Strep, sanguis established in advance on the mesial 
surfaces because its proportions on those surfaces were not affected by the 
inoculation sequence, while Strep, mutans became better established in the 
fissures than in the mesial surface samples. This competition and ecological 
separation of closely related species has been calles the 'competitive 
exclusion principle' (Hardin, 1960). Keyes and Fitzgerald (1962) inferred that 
in the establishment of streptococci in hamsters this competition was not 
restricted to closely related microorganisms but could also involve inter­
actions with other types of the cariogenic flora. The present results are in 
agreement with this theory and give an example of the involved components 
of the microflora. 
The influence of the inoculation sequence on the microbial composition of 
dental plaque in rats demonstrates that the establishment and the propor­
tions of specific microorganisms in the microbial communities on the teeth 
are affected by the sequence of introduction of these microorganisms in the 
oral cavity. 
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STELLINGEN 
I 
Veillonella alcalescens heeft een reducerende invloed op de kariës-aktiviteit 
van tandplak mits V. alcalescens zich daarin kan vestigen en door de andere 
mikro-organismen in de plak melkzuur wordt geproduceerd. 
Dit proefschrift Hoofdstuk II en III. 
II 
Veel voedingsstoffen worden met een groter rendement verteerd door niet 
herkauwende zoogdieren zoals de mens, dan door runderen, schapen of geiten. 
Slechts voor die voedingsstoffen die niet door het dier zelf maar uitsluitend 
door mikro-organismen kunnen worden afgebroken is de vertering in de 
herkauwer efficiënter. 
Hungate.R.E.: Symbiotic associations: the rumen bacteria 
19th Symp. Soc. gen. Microbiol. 266-297 (1969). 
Ill 
De maatregel van ter beschikkingstelling dient uit het strafrecht te verdwijnen. 
Delinkwenten die voor het door hen begane strafbare feit ontoerekenings-
vatbaar zijn, dienen strafrechtelijk vrij uit te gaan en dienen voor zover zij 
gevaar opleveren te vallen onder de voorzieningen op het terrein van de 
geestelijke volksgezondheid. Delinkwenten aan wie het door hen begane 
strafbare feit slechts in verminderde mate kan worden toegerekend dienen te 
worden gestraft. 
Oomen, CP.Chr.M. De terbeschikkingstelling op de 
keper beschouwd. Kluwer b.v. Deventer (1974). 
IV 
Na het verdwijnen van de heidevelden in twente ter vergroting van het 
landbouwareaal dreigen nu de essen te verdwijnen ten behoeve van stads-
uitbreidingen. 

ν 
Ter bevordering van de kennisoverdracht is het wenselijk dat plaque en cariës 
worden geschreven als plak en kariès of dat voor het laatste begrip tandbederf 
of tandwolf wordt gebruikt. 
VI 
De tandheelkundige voorlichting en preventie dient zich vooral te richten op 
de lagere inkomensgroepen, daar in deze bevolkingsgroepen het tandbederf 
het grootst is. 
VII 
Een algemene volksverzekering ziektekosten kan bijdragen tot een gelijke 
sociografische verdeling van de tandheelkundige hulp. 
VIII 
Het verdient aanbeveling het tandenpoetsen te ondersteunen met vakkundige 
gebitsreiniging. 
IX 
Het verdient aanbeveling fluoridetabletjes te gebruiken die geen suiker 
bevatten. 
X 
Het motto — repareer niet alleen maar neem de oorzaak weg — is ook van 
toepassing op het tandheelkundig bedrijf. 
Teleac cursus "De ondernemer" 1974. 
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